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Abstract
IntheMarathon region,graptoliteshave
been found throughout a 2,000-foot sec-
tionoflimestones and shales from thebase
to the top of the Ordovician system. This
is the most complete sequence of Ordo-
vician graptolites known in North Amer-
ica. Fifteen faunal zones are recognized.
This region will provide a standard sec-
tion against which other graptolite-bear-
ing formations maybe compared.
Other graptolite-bearing formations in
North America are correlated with the
Marathon zones. Further, the Marathon
zones are correlated with the British and
Australian Ordoviciangraptolite zonal suc-
cessions. The zonal assemblages in the
Marathon region for the Lower and lower
part of theMiddle Ordovician are similar
to the Australian but differ from the Brit-
ish. The upper part of the Middle Ordo-
vician and the Upper Ordovician assem-
blages are nearly identical in all three
zonal sequences.
The report includes an extension of de-
tailed stratigraphic study to lesser-known
areas southeast and southwest from the
Marathon basin. P. B.King mapped the
basin in detail and recognized five Ordo-
vician formations. From oldest to young-
est these are the Marathon limestone, Al-
sate shale, Fort Pena formation, Woods
Hollow shale, and Maravillas chert. The
boundaries of theMarathon limestone and
Alsate shale are modified from King's
(1937) usage. Also, a progressive change
to a more arenaceous nature southward
from the basin is noted for the lower part
of the section, and a new formation, the
Rodriquez Tank sandstone, is recognized
in the southern exposures.
The stratigraphic position of every spe-
cies of graptolite found in the Marathon
region is correlated with occurrences of
these species elsewhere in North America
and inEngland and Australia. Seven new
species of graptolites are described.
Introduction
Scope of the study
The Ordovician rocks in the Marathon
basinhave longbeen a subjectof consider-
able interest, and since publication of
King's (1937) Professional Paper on the
area,they have been under study by per-
sonnel of oil companies, summer field
camps, and field conferences. Graptolites
have been known from the sequence for
over50 years,andUdden,Baker,Bowman,
and King all made collections from it.
However, nosystematic study of the fauna
has been made. Furthermore, exposures
of Ordovician rocks southeast and south-
west of the basin have never been ade-
quately described. The present work is a
detailed stratigraphic and paleontologic
study of the Ordovician strata and fauna
in theentireMarathon region.
The field work was carried out during
the summers of 1954 and 1955, and the
laboratory work was done at Yale Univer-
sity during the academic year 1955-1956
andatHarvardUniversityduring the sum-
mer of 1956. The areastudiedincludes the
Marathon basin and the old Jones ranch
(now Slaughter ranch), Persimmon Gap..
Rough Creek, and Solitario localities as
shown on the index map (fig. 1). King's
geologic maps were used as a base and
1Visiting Assistant Professor ofPaleontology,University of California, Berkeley.
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attention was concentrated on making as
many collections of fossils as possible that
were accurately located stratigraphically.
The major portion of the collections is
at Yale Peabody Museum. The types of
new species and nearly all of the figured
specimens are deposited there and have
Yale PeabodyMuseum (YPM) catalogue
numbers as indicated on the plate cap-
tions. Smaller, but representative, collec-
tions have been given to Professor H.B.
Whittington at the Museum of Compara-
tiveZoology atHarvard University,and to
Professor 0. M. B. Bulman at the Sedg-
wick Museum at Cambridge University.
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Previous work
R. T. Hill in 1900 gave the first brief
summaryof pre-Carboniferousrocksin the
Marathon region.Henoted "closely folded
Paleozoic limestone, shales and cherts,
probablyof lower Helderbergage." Udden
(1907) traveled across theMarathon basin
during the course of his investigation of
the geology of the Chisos country and de-
scribed the highly folded and faulted dark
shales, limestone, and cherts. He collected
some fossil fragments from ledges of bi-
tuminous limestone exposed "along the
wagon roadnearRidge Spring and at dif-
ferent points south from this place for a
distance of tenmiles." Thefossils weresent
to Charles Schuchert, who identified Tri-
nucleus,Plectambonites,Rafinesquina,and
a possible Zygospira (Udden, 1907).Dr.
Schuchert considered the fossils to be of
Trenton age.
The first comprehensive stratigraphic
work in the area was that of Baker and
Bowman (1917), who in 1915 collected
fossils and made brief studies of the pre-
Carboniferous succession. E. O. Ulrich
studied the fossils and recognized six dis-
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tinctive faunas in the collections. Baker
and Bowman divided the pre-Carbonifer-
ous section into four formations on the
basis of the fossil determinations and the
lithology.
In 1929 and 1930, P. B.Kingmade a
regional study of the entireMarathon area
and mapped two quadrangles indetail. He
restudied the Ordovician rocks carefully,
measuring seventeen sections and making
fossilcollections. A smallpartof the fauna
collected was studiedby Kirk,Ulrich, and
Ruedemann. King (1931, 1937) divided
the Ordovician sectioninto five formations
and described the rocksin detail. His now
classic "Geology of the Marathon region,
Texas," remains as the standard work on
the geology of this region and has formed
the basis from whichroad logsand articles
have been written for several field trip
guidebooks of the West Texas Geological
Society (Maxwell et al., 1941, 1949;
Adams etal.,1952;Lonsdale et al.,1955).
Recently, Wilson (1954a, 1956) de-
scribed trilobite faunas from the Upper
Cambrian— Lower Ordovician beds of the
Dagger Flat and Marathon formations
and from exotic boulders of the same age
near the top of the Middle Ordovician
Woods Hollow shale. Wilson (1954b) ex-
tended thepre-Carboniferous stratigraphy
described by Kingfor the Marathon basin
properto less known outcrops in the Soli-
tario,Persimmon Gap,andoldJonesranch
area which lie respectively southwest,







The oldest rocks exposed in the Mara-
thonregionare the sandstones,shales,and
limestones of Late Cambrian age named
Dagger Flat sandstone by King (1931,p.
1064) from exposures inthe Dagger Flat,
13 miles south of the town of Marathon.
The greatestareaof exposureof these rocks
is on the south side of the Dagger Flat—
northeast of the Buttrill ranch— where
the massive sandstones form conspicuous
ledges, but the formation is also exposed
inthe core of theMarathon anticlinorium.
The base of the formation is notexposed,
but the Turner No. 1Combs, 16 miles
south of Marathon, located on the north-
west flank of ThreemileHill onbeds below
the top of the formation, was drilled
throughapproximately 200 feet of thetypi-
cal Dagger Flat sandstone, then through
a considerable thickness of black shale.
No fossils were obtained from the shale.
The borehole waspresumed to be parallel
to the dip of the beds near the bottom of
the hole, and the actual thickness of shale
penetrated is unknown. Because the main
Threemile Hill thrust fault is 100 to 200
yardssouth of the welllocation andseveral
subsidiary thrustplates areassociated with
it, the contact between the sandstone and
shale maybe the traceof one of the faults.
The Dagger Flat sandstone was first de-
scribedby Baker and Bowmanin a section
on Threemile Hill and was designated,
without age assignment, as Member 2 of
their "Marathon series." King (1937) de-
scribed the formation in detail in its four
principal areas of outcrop— Dagger Flat,
Threemile Hill,Woods Hollow Tank, and
the Marathon anticlinorium. Wilson
(1954a) restudied the formation and di-




out in theDagger Flat anticlinorium only,
is best exposedabout 5 miles northeast of
the Buttrill ranch house and is typically a
graywacke-shalesequence.Wilson (1954a)
measured 270 feet of the member at its
typelocality.No fossils have yetbeen found
in it.
The Roberts Ranch member was pro-
posed by Wilson (1954a) for the higher
beds of theDagger Flat sandstone exposed
along the crest of the Marathon anticli-
norium, which is traversed by the road to
Roberts ranch. Itisprincipally black shale
butdoes include beds of sandy,fine-grained
dark graylimestone andbrowngraywacke.
Its best exposuresare 4 miles southwest of
Marathon where a 225-foot section is ex-
posed. Wilson (1954a,p.251) designated
theRoberts Ranch member inboth itsout-
cropbelts as "lyingbelow prominent lime-
stone pebble conglomerates interbedded
with dark shale." The writer with Wilson
visited sections in the Marathon anticli-
noriumand found Tremadoc graptolites in
beds 60 to 75 feet above the conglomerate
bed picked by Wilson as the base of the
overlying formation, the Marathon lime-
stone. The writer concurs with Wilson on
the position of the stratigraphic boundary
in these localities because the beds above
the conglomerates include more limestone
and conglomerate and less shale than the
beds below. The conglomerates are lentic-
ular,however,and cannot beused as defi-
nitemarkers for the base of the Marathon
limestone throughout the region. Although
the boundary is in a shale-graywacke se-
quence in most exposures of the highest
beds of theDagger Flat sandstone and the
lowest of the Marathon limestone, the beds
below theboundary are typically shaleand
sandstone with thin beds of limestone and
limestone pebble conglomerate, whereas
the beds above the boundary are typically
limestone, shale, and conglomerate com-
posed of slabs and chips of limestone with
thin beds of subgraywacke.Thepositionof
theboundarybetween these two formations
as used by both Wilson and the writeris
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approximately 50 to75 feet below thatused
by King in his maps of the Marathon re-
gion. This lowerboundary was also used
byH.M.Nielsen andmembers of theGulf
Oil Corporation field party who found it
can readily be followed throughout the
area. This boundary has been used for a
number of years by personnel of summer
fieldpartiesfromseveral universities.
The writerconsiders that thelower posi-
tion of the boundary is justified since it
makes the typical shale-graywacke se-
quence of the Roberts Ranch member of
the Dagger Flat sandstone a more homo-
geneousunit andmoreeasily distinguished
from the shale, flat limestone chip con-
glomerate, and thin-bedded,graylimestone
sequence of the lower partof the Marathon
limestone.
Fossils and age
Most of the fossils found in the Dagger
Flat sandstone have comefrom theRoberts
Ranch member. Wilson (1954a, 1956)
illustrated and discussed the fauna in de-
tail. Theonly fossilcollection from a meas-
ured sectionof the formation is from 225
feet below the top in a section 4 miles
southwest of Marathon. Because he found
Geragnostus rudis,G.rudisvar.holmi,and
an olenid tentatively identified as Lepto-
plastus, Wilson correlated these beds with
Westergaard's (1947) zones 4 or 5 of the
UpperCambrian of Sweden. However,Wil-
son (oral communication), after finding
additional andbetter preservedmaterial in
1957, identified the Tremadoc trilobites
Shumardia,Pseudohystricurus,Bienbillia,
an olenid,and an apatokephaloid pygidi-
um from these same beds.King (1937,p.
23) stated that Kirk andResser considered
fossils collected from the formation in the
Dagger Flat anticlinorium to be Upper
Cambrian. Thus,much of the Dagger Flat
sandstone is probably Upper Cambrian,
but at least the upper part of it is Trema-
doc. As Wilson indicated (1954a, p. 266,
fig. 4),the fauna of theDagger Flat sand-




The most complete succession of pre-
Carboniferous strata of the Marathon up-
lift isexposedin theMarathon and Dagger
Flat anticlinoria. The higher units in the
succession also appear in subsidiary anti-
clines south of and between the two anti-
clinoria. South and southwest from the
main uplifts, in the old Jones ranch, Per-
simmonGap, and Rough Creek areas,Or-
dovician rocks are at the surface in the
crests of faulted anticlines. Small rem-
nants of Ordovician rocks are exposed
along the front of the Sierra Santiago
which is west and southwest of the Mara-
thon uplift. Also, good exposuresof Ordo-
vician rocks are found in the Solitario, a
small dome50miles to the south-southwest.
The Carboniferous andolder stratawere
intensely folded and faulted so that,
although exposuresareexcellent,complete
stratigraphic sections of any formation are
difficult to find. During the course of the
presentfieldwork,twenty-twostratigraphic
sections of Ordovician rocks were meas-
ured, but only one extends through more
than one formation. The exposures on the
southeast limb of the Marathon anticli-
norium were found to be the least dis-
turbed in the entire region.
The Ordovician section inthe Marathon
region is composedof relatively thick beds
of shale and thinner beds of dark lime-
stone and chert. Intercalated with these
beds are lenses of conglomerate, gray-
wacke, and exotic boulders. The most
abundant fossils are graptolites, but in-
articulate brachiopods and afew trilobites
are also present. A similar environment
existed duringOrdovician timein the area
of the present Ouachita Mountains (fig.
2), where the Ordovician section displays
a shale, graywacke, and chert lithofacies
and a graptolitic biofacies. Different litho-
topesexistedduring EarlyOrdovician time
to the northwest, north, and east of the
Marathon region. Two hundred miles to
the northwest, the El Paso limestone is
nearly all dolomitic limestone character-
ized by a fauna of orthoid brachiopods..
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cephalopods, trilobites,and sponges. The
limestone-dolomite sequence of the Ellen-
burger has been found in the subsurface
12miles north of Marathon and is exposed
in the Llano region. The Ellenburger has
a nautiloid, gastropod, and brachiopod
biofacies. A thick section of limestones
and quartzose sandstones of Ordovician
age isexposed in the Arbuckle Mountains
in Oklahoma,bearing abrachiopod, trilo-
bite, nautiloid biofacies.
The Ordovician rocks in the Marathon
region consist largely of limestone and
shale. The rock succession is, therefore,of
a different lithofacies from the surround-
ing region,and the fauna is of a different
biofacies. Because of this facies difference,
correlation of the Ordovician rocks in the
Marathon area with Ordovician rocks to
thenorthwest, north,and northeast is diffi-
cult. The Ordovician system in the Mara-
thon region was divided by King (1931)
into five formations; in ascending order
these are the Marathon limestone, the
Alsate shale, the Fort Pena formation, the
Woods Hollow shale, and the Maravillas
chert.
Graptolites are plentiful throughout the
section,occurring in theshales,inall kinds
of limestone,impressed onchert and, even
rarely, in the quartz sandstones. The ma-
jority of the specimens, including the best
preserved, were obtained from the lime-
stones.
With the exceptionof the Alsate shale,
one ormore zoneshave beenrecognized in
each formation, giving a total of fifteen
within theOrdovician system.At the outset
of any discussion of paleontologic zones,
the meaningof the term "zone" shouldbe
made clear because "zone" has several
meanings— even in biostratigraphy. A
goodsummary of the history of the use of
the word "zone" can be found in Teichert
(1950). Although Oppel (1856-1858)
used "zone" to mean a belt of strata de-
Fig.2. Mapof south-centralUnitedStatesshowing areasof Ordovicianexposures
Graptolite Faunas, Marathon Region 7
limited by paleontologic criteria, and this
usage of the word "zone" has been widely
adopted,others (Wedekind, 1916; Fiege,
1951) maintain that a "zone" is a bio-
chron, or the life span of a species whose
progenitor and descendant are known.
Used thus, "zone" is a time term rather
than a time-rock term.
Inthepresentpaper,the word"zone" is
used to mean a thickness of rock contain-
ing an assemblage of species which does
not occur in exactly the same combination
in beds above or below. Generally one or
morespecies are restricted to aparticular
zone. Some species occurring in a given
zone range into it from the zone below,
while other species range through the zone
into the zone above. Still other species
range through several zones. The zone is
thus a stratigraphic unit, occurring in
more than one locality, characterized by
an associationof fossils, one of whichhas
been chosen as the name-giving species or
genus.Each zonehas notonlyregionalbut
also interregional application. Thus the
zonespresentedherein arenotmerely sub-
divisions of thelocal section but are time-
stratigraphic unitsof interregionalextent.
Figure 3 indicates in a general way the
changes in the typesof graptolites with the
passage of time which give rise to zonal
divisions. Successively higher zones are
markedbythe appearancein abundance of
a new form or forms. The concept that the
entry of new forms may be used to indi-
cate the beginning of anew zone is con-
sistent with the practice of British and
Austrialian graptolite workers.
Graptolite zones
Fifteen graptolite zones have been de-
limited within the Ordovician section in
theMarathon region. These arelisted here
inascendingorder and will be discussedin
more detail as they appear in successive
formations. The names of the zones and
outline figures of the characteristic forms
of each aregiven in figure 3.
Zone 1, Anisograptus, is characterized
by species of Anisograptus and
Clonograptus. The fauna from this
zone is sparse in the Marathon re-
gion,but in easternNorthAmerica
it includes Staurograptus, Radio-
graptus, and several species of
Dictyonema.
Zone 2, Adelograptus-Clonograptus. In
this zone, the multiramous dicho-
graptids reach their zenith. Several
species of ClonograptusandAdelo-
graptusarefound only in this zone,
and representatives of the genera
Anisograptus and Triograptus
range into it.
Zone 3, Tetragraptus approximatus, is
marked by the initial phase of the
prolificspeciation within the genera
Didymograptus and Tetragraptus.
Severalspecies of Tetragraptus are
present,of which themost diagnos-
tic is T. approximatus.
Zone 4, Tetragraptus fruticosus (four-
branched form), is characterized
by the appearance of that distinc-
tivespecies. Manyspecies of Tetra-
graptus and Didymograptus are
present,and thelast representatives
of the genera Adelograptus and
Clonograptus occur here.
Zone 5, Tetragraptus fruticosus (three
and four-branched), is marked by
appearance of the three-branched
form with the four-branched form
of this familiar species. The num-
ber of species of the Didymograpti
and the Tetragrapti reach a maxi-
mum in this zone.
Zone 6,Didymograptus protobifidus, is
marked by the appearance of the
first dependent didymograptid, D.
protobifidus. Both the four-
branched and three-branched forms
of T.fruticosus areprominent here.
Zone 7, Didymograptus bifidus, is char-
acterized by the two dependent
didymograptids D. artus and D.
bifidus. The numbers of species of
both the tetragraptids and didymo-
graptids are much fewer in this
zone than in the preceding four
zones,and the first of the Isograpti
appear here.
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Zone 8, Isograptus caduceus,is denoted
by the development of the large
varieties of /. caduceus and by the
genera Oncograptus and Cardio-
graptus.The first graptolites with a
biserial scandent rhabdosome ap-
pearhere.
Zone 9, Hallograptus etheridgei, is
marked by the appearance of sev-




dichograptids and the tetragraptids
appear for thelast time.
Zone 10, Glyptograptus cf.G. teretiuscu-
lus, is characterized by the wide-
spread development of G. cf. G.
teretiusculus and Amplexograptus
confertus. Phyllograptus makes its
last appearancehere.
Zone 11, Nemagraptus gracilis, is
marked by the incursion of the
genera Nemagraptus, Dicellograp-
tus, Dicranograptus, and Lepto-
graptus, each represented by sev-
eral species. The biserial scandent
rhabdosome iscommonin thiszone,
but species of this type are over-
shadowed by the other elements.
Zone 12, Climacograptus bicornis, is
characterized by large diplo-
graptids and by C. bicornis with
stout spines at the proximal end.
The last didymograptids are found
in this zone.
Zone 13, Orthograptus truncatus var.
intermedius,ismarkedby a "burst"
of the large Orthograpti. The pres-
ence of Orthograptus calcaratus
var. incisus and 0. quadrimucro-
natusvar.angustus,withor without
0. truncatus var. intermedius,
clearly indicates the zone.
Zone 14, Orthograptus quadrimucro-
natus, ischaracterized by the wide-
spread development of that distinc-
tive species. The presence of large
Orthograpti of the species Ortho-
graptus calcaratus with Climaco-
graptus tubuliferus arealso indica-
tive of the zone.
Zone 15, Dicellograptus complanatus
var. ornatus, is typified by the as-
semblage of Climacograptus missis-
sippiensis,Diplograptuscrassitestus,
and Orthograptus truncatus var.
socialis with the distinctive Dicel-
lograptus complanatus and its va-
rieties. Also, a form like a typical




All the Ordovician rocks of the Mara-
thon basin, except the Maravillas chert,
wereembraced in the "Marathon series"
of Baker and Bowman (1917).They rec-
ognized as subdivisions, five members
which were numbered but notnamed, and
within this framework Ulrich recognized
four faunal zones. In 1931, King aban-
doned the term Marathon series, sub-
divided these rocks into four formations,
and restricted the name Marathon lime-
stone to the lowest of these units. The rela-
tion of the two schemes is shown in
table 1.
Only the upper part of the Marathon
limestone isexposedat the type locality in
the streets and vacant lots of the town of
Marathon. Good exposures of the entire
formation are easily accessible on the
southeast sideof the road toRobertsranch.
A complete section of the formation was
measured on the east sideof a gapbetween
ridges of theMarathon limestone about 2.7
miles down theroad toward Roberts ranch
from a cairn built where the road turns
southwest past the Alsate Creek exposures.
The cairn bears S. 25° W. from Iron
Mountain and due south from the peak of
CathedralMountain.
TheMarathon limestone,as measured in
the Marathon anticlinorium, is between
840 and 890 feet thick. There areno com-
plete sections in the Dagger Flat anti-
clinorium nor in anyof themoresoutherly
exposures. The formation is divisible into
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Fig.3. Diagramshowing graptolite zones withsketches of theprincipalspeciesineach
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threeparts,theMonument Springdolomite
member and the beds above and below it.
Thebedsbelow theMonument Springdolo-
mite member rangebetween 530 and 600
feet in thickness and arecharacterized by
thick beds of black shale, many beds of
flat limestone slab conglomerate, beds of
medium- to fine-grained, cross-laminated,
dark gray limestone, and a few beds of
slabby, sublithographic, dark gray lime-
stone that weathers a characteristic
medium blue gray.Interbedded with these
are some beds 3 to 6 inches thick of sub-
graywacke composed of subrounded frag-
ments of limestone and grains of chert,
glauconite, plagioclase, and rounded
quartz. The conglomerates (PL 2, A) are
made up of flat limestone chips and
slabs up to 18 inches long and 6 inches
wide set in a matrix of coarse-grained,
brown, quartz sand. Some of these slabs
andchips include graptolites characteristic
of the beds immediately below the con-
glomerates. The conglomerates and sub-
graywackes are lenticular and pass later-
ally into beds of shale or limestone. Shale
comprises about half of the thickness of
this lower member of the Marathon lime-
stone in the Marathon basin; in outcrops
south of thebasin, the amount of shale in-
creases progressively and includes beds of
subgraywacke. In the old Jones ranch ex-
posures, shale with some limestone beds
makes up nearly two-thirds of the thick-
ness, and in the Solitario, subgraywackes
and shales areevenmoreprominentin the
lowerpart of theMarathon limestone.
The Monument Spring dolomite mem-
ber wasnamed by King (1931, p.1068)
for its exposurehalf amile west of Monu-
ment Spring, 12 miles west of Marathon.
It occurs about 550 to 600 feet above the
base of theMarathon limestone and ranges
from 40 to a maximum of 90 feet in thick-
ness. It consists of oval lenses of blue-gray
and yellow-mottled dolomitic limestone
surrounded by black shale and thin-bed-
ded, cross-laminated, gray limestone. The
lenses of dolomitic limestone are present
throughout much of the Marathon anti-
clinorium, but they gradually disappear
southeastward in the Dagger Flat anticli-
norium.Black shale and thin-bedded,gray
limestone areequivalent to themember in
the Solitario and oldJones ranch areas.
The upper member of the Marathon
limestone, about 250 feet thick, consists of
characteristic blue-gray weathering, dark
gray, sublithographic limestone in beds 4
to 8 inches thick interbedded with thin-
bedded, cross-laminated, dark gray lime-
stone in layers 4 to 6 inches thick and a
few beds of black shale and flat limestone
slab conglomerate.To the south,in theold
Jones ranch and Solitario exposures, the
upper part of the Marathon limestone in-
cludes manybeds of arenaceouslimestone
and more shale than in the Marathon
basin.
Local features
Marathon anticlinorium.— The Mara-
thon limestone is best displayed inthe roll-
inghills southeast of the road to Roberts
ranch. It is closely folded and much
faulted; one of the most spectacular ex-
amples of the folding and faulting is dis-
played at the well-known outcrops on Al-
sate Creek.
The beds below the Monument Spring
dolomite member contain more shale and
limestoneslab conglomerate lenses andless
limestone,particularly lesssublithographic
limestone, than the beds above it. The
basal300 feet of the formationisprimarily
interbedded black shale, buff, calcareous
shale, and limestone slab conglomerate
lenses with a few beds of thin-bedded,
cross-laminated, graylimestone and a few
lenses of coarse-grained, brown subgray-
wacke, 4 to 24 inches thick.Higher in the
section, limestone beds become increas-
ingly numerous. Also, beds of blue-gray-
weathering, dark gray, sublithographic
limestone appearand increase in number
upward toward theMonument Springdolo-
mitemember. Occasional lenses of pebbly,
light gray,oolitic limestone are found low
in the section. They have a fauna of trilo-
bites andmolluscs incontrastto the grapto-
lite fauna in thesurroundingrocks.
Plate2
A
Limestonechip conglomeratelens in the Marathonlimestone
(Photograph by D. B. Clarke)
B




Anticlinal valley in the WoodsHollow shale on the crest of Simpson Springs Mountain
B
Typical exposure of the Maravillaschert









Table 1. Relation of nomenclature applied to Cambrian and Ordovician rocks in the Marathon region
System Baker and Bowman (1917) Ulrich (in Baker andBowman, 1917) King (1931)Maravillas chert Zones 5 and 6 Maravillas chertMember 5Member 4 Zone 4 Woods HollowshaleMember 1 andBrewster formation Zones 1 and 2 inboulders
Not seen Fort PenaformationOrdovician Mara-thon series Alsate shaleNot seenMember 3 is a smallpart of the Marathonlimestone Zone 3 Marathon limestone(a) uppermember(b) Monument Springdolomite(c) lowermemberCambrian Member 2 Dagger Flatsandstone
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The conglomerate lenses are similar in
appearance above and below the Monu-
mentSpringdolomite member. Locally, the
lenses reach 10 to 15 inches in thickness;
theyextendfrom a fewfeet to severalyards
along strike. The slabs within the con-
glomerate consist of thin-bedded, cross-
laminated, dark gray limestone and blue-
gray-weathering, sublithographic lime-
stone, areelongate with maximumdimen-
sions of 18 inches in lengthand 6inches in
width,andlie subparallel toone another in
a matrix of coarsebrown sandstone con-
taining rounded chert pebbles. The sub-
graywacke lenses also are similar above
and below the Monument Spring dolomite
member. They arecomposed of small frag-
ments of shale, limestone, other arenites,
rounded quartzgrains,plagioclase,biotite,
glauconite, chert,and sericite with calcite
and phosphate cement.No gradedbedding
wasseen.Thin,buff,argillaceous limestone
layers found sporadically throughout the
section have well-developedmud cracks.
The weathered surfaces of some of thelime-
stone beds are thickly strewn with sepa-
rated hexactinellid spongespicules, where-
as other limestone bedding surfaces show
minute channel markings and areoverlain
by one-eighth to one-quarter-inch layers
of sandstone. Commonly such sandstone
layers are crowded with worn, broken
shells of inarticulatebrachiopods.
The Monument Spring dolomite mem-
ber is 94 feet thick near Alsate Creek and
ranges from 40 to 60 feet in thickness in
the northern part of the Marathon anti-
clinorium but thins southward,being only
25 feet thick atMonument Spring, the type
locality. Themember consistsofovallenses
of dense, gray,dolomitic limestone aligned
subparallel to each other separated by
shale and thin-bedded, cross-laminated,
gray limestone. The weathered surface of
the dolomiticlimestonehas ablue-grayand
yellow-mottled appearance,and where re-
placement by silicahas occurred it weath-
ers to a characteristic orange-browncolor.
The individual lenses range in size from
10 feet long and5 feet wide to 50 feet long
and 25 feet wide. In someplaces the lenses
areseparatedfrom one another by several
feet of shale or thin-bedded limestone, but
in other places, several lenses lie close to-
gether and overlap each other. Fossil frag-
ments are common in places in the dolo-
mitic limestone— there are vague algal
structures, sponges of the type of Arche-
oscyphia, orthoid brachiopods, and cepha-
lopods. The oval masses that characterize
the Monument Spring member wereprob-
ably patch reefs constructed principally of
algae and sponges.Although small blocks
of the dolomitic limestone occur higher in
the section, it is predominantly at one
horizon, and that horizon lies entirely
within onegraptolite zone.
In the beds above theMonumentSpring
dolomite member, blue-gray-weathering
sublithographic limestone in layers 4 to 8
inches thick predominates. Of nearlyequal
importanceare layers of medium- to fine-
grained, thin-bedded,cross-laminated,dark
graylimestone,3 to 6 inches thick,exhibit-
ing a few slump structures. The slump
structures donot extendlaterally for more
than10 feet inany onebed. Beds of black
shale,buff argillaceous limestone, andbuff
to orange-weathering black limestone and
lenses of flat limestone slab conglomerate
and subgraywacke are subordinate rock
units in the upper part of the formation.
Two layers of black chert, each about 1
inch thick,occurnearthe top of the forma-
tion in the northern part of the southeast
limb of theMarathon anticlinorium.A few
blocks of characteristic Monument Spring
dolomitic limestone are found inthisupper
member and are commonly associated
with a conglomerate or sandstone lens.
Most of the blocks are 6 to 18 inches long
and in someplaces theyextend discontinu-
ously for as much as 20 feet along the
strike.
DaggerFlat anticlinorium.— The Mara-
thon limestone is so intensely folded and
faulted in its exposuresin the Dagger Flat
anticlinorium that no continuous section
can be measured on the northwest limb
and onlyapartial section of thelower part
of the formation can be measured on the
southeast limb. The rocks comprising the
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Marathon limestone here exhibit the same
lithologic relations and details as they do
in the Marathon anticlinorium except that
the Monument Spring member includes
more shale and thin-bedded, gray lime-
stone and less gray, dolomitic limestone.
No determination of thickness for the for-
mationispossible in this anticlinorium.
On the northwest limb,younger beds of
the Marathon limestone appear in the
troughs of synclines and older beds appear
in the crests of adjoining anticlines. The
section is repeated many times with pro-
gressivelyolder beds appearingin the sub-
sidiary anticlines and synclines going from
the limb toward the center of the anticli-
norium.The Threemile Hillthrust fault can
be traced eastward several miles from the
base of Threemile Hill along the southeast
limb of the Dagger Flat anticlinorium. A
collection of graptolites characteristic of
the upper part of the Marathon limestone
was obtained from a shale outcrop at the
base of Threemile Hill. At a locality 3
miles northeast of Threemile Hill and 2
miles northeast of Buttrill ranch,graptolite
collections were made from a measured
section. Zonal determination of the grapto-
lites indicates that theuppermost30 feet of
the Marathon limestone rests on the basal
340 feet. Therefore,most of the upperpart
of the formation, the Monument Spring
member, and almost half of thelower part
of the formation aremissing. Thus King's
observation (1937, p. 29) that the Mara-
thon limestone thins to 350 feet on the
southeast limb of the Dagger Flat anticli-
norium has a structural and not a strati-
graphic explanation. Ten miles southwest
of Pefia Blanca Spring, six collections of
graptolites were made in a traverse of
1,200 feet across the strike of the beds.
Eachcollection belonged to the same grap-
tolite zone, thus demonstrating tight iso-
clinal folding.
Old Jones ranch and Solitario areas.—
Completely folded and faulted Ordovician
rocks crop out under theCretaceous rimin
an arroyowhich is about 2 miles S. 20° E.
from the present Slaughter ranch head-
quarters(formerly oldJones ranch).These
are the most complete and extensive out-
cropsof theolder Paleozoic rocks southeast
of theMarathonuplift. Wilson (1954b) de-
scribed the exposures in this area and in
the Solitario. However, collections of grap-
tolites made by the writerhave made pos-
sible amore detailed understandingof the
Ordovician stratigraphy in these regions.
Inboth areas thelower part of theMara-
thon limestone includes calcareous sub-
graywacke interbedded with the typical
shale,flat limestone slab conglomerate, and
limestone sequence. The dolomitic lime-
stone of the Monument Spring member is
not present ineither area,and themember
is equivalent to interbedded black shale
and thin-bedded, cross-laminated, gray
limestone. In these southern exposures the
upper part of the formation has more shale
and more thin-bedded, cross-laminated,
gray limestone in relation to blue-gray-
weathering, dark gray, sublithographic
limestone than in the main uplift. Thick
beds of subgraywacke and brown-weather-
ing arenaceous limestone occur in the
upper part of the formation inboth areas;
and in the Solitario, several beds of chert
are included in the upper part of the for-
mation. In summary, the Marathon lime-
stone is more clastic in the Solitario and
old Jones ranch areas, withshale and sub-
graywacke the predominant rock types at
the top and the base of the formation.
Fossils andage
The fauna of the Marathon limestone in-
cludes two distinct facies. The Monument
Spring dolomite has a fauna of sponges,
brachiopods, andnautiloids,and the restof
the formationbears graptolites, inarticulate
brachiopods, and trilobites. Except in the
Monument Spring member, graptolites
dominate. The best-preserved specimens
occur in limestones,most commonly those
of sublithographic texture. In all, seven
graptolite zoneshavebeen delineated in the
Marathon limestone, two below the Monu-
ment Spring dolomite and four above it.
The complete fauna is givenin the follow-
ing check list (p.16).
The lowest zone, that of Anisograptus,









Adelograptus victoriae (T.S. Hall)
Anisograptus dissolutus Berry, n.sp
Bryograptus crassus (Harris andThomas) ?
Clonograptus flexilis (Hall) —
Clonograptus persistensHarris andThomas
Clonograptus rigidus (Hall) -
Clonograptus cf. C. tenellus (Linnarson)
Clonograptus tenellus var. callavei (Lapworth)
Dichograptus octobrachiatus (Hall)
Dictyonema dumosus Berry, n.sp

















Isograptus caduceus var. lunata Harris
Phyllograptus angustifolius Hall
Phyllograptus anna Hall








Tetragraptus decipiens T. S. Hall
Tetragraptusdecipiensvar.bipatens Keble
and Harris
Tetragraptus fruticosus (4-branched form) (Hall)




Tetragraptus reclinatus Elles and Wood
Tetragraptus serra (Brongniart)
Tetragraptus taraxacum Ruedemann








New genus related to Benthamaspis
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has a rather sparse assemblage of species,
seemingly because the basal beds of the
formation are more clastic. Anisograptus
is the typical genus here but is usually ac-
companied byClonograptus cf. C. tenellus
andTriograptus. Severalpygidiaandceph-
alons of Bellefontia sp. and Lloydia sp.
were collected from the upper part of this
zone.
The zone is well developed at localities
6, 29, 118, and 119 (see Appendix).Near
the contact between this zoneand the next
above,the faunas intermingle so that apre-
cise boundary is difficult to locate,but the
zone is approximately 200 feet thick. Wil-
son (1954a) recorded Parabolinopsis
mariana from 163 feet above its base in
measured sectionI(Appendix).
The second zone of the Marathon lime-
stone is characterized by several species
each of the genera Clonograptus and
Adelograptus.Early representatives of the
genera Tetragraptus and Didymograptus
are found here also. Typical zonal assem-
blages were obtained in collections 2,11,
12, 33, 37, 74, and 84. Wilson (1956, p.
1348) recorded Kayseraspis, Symphy-
surina cf. S. woosteri, Beltella latifrons,
Tostonia, Ophileta, and Finkelnburgia
from the locality of collection 34. The
writer collected Ophileta and a Pachen-
doceras from the same locality. Zone 2
ranges from 330 to 400 feet thick.
Zone 3 and the succeeding four zones
are characterized by aburst in speciation
within the genera Didymograptus and
Tetragraptus. Three species of these gen-
era range through all five zones, but the
majority of the species are confined to
only two or three zones.The appearanceof
certain combinations of species of Tetra-
graptus and Didymograptus with species
of other genera are diagnostic enough so
that five zoneshavebeen recognized in the
upper 290 to 340 feet of the Marathon
limestone.
The third zone is characterized by the
appearance of several species of Didymo-
graptus and Tetragraptus and by the per-
sistence of two species of Clonograptus
from the zonebelow. The most diagnostic
species is Tetragraptus approximates,and
the base of the zone is pickedby its first
appearance. Good collections of the typi-
cal species of the zone wereobtained from
localities 76,77,120,and 130.
IntheMarathon anticlinorium,thetypi-
cal zonalassemblages collected from shales
andlimestones interbedded with theMonu-
ment Spring dolomite indicate that the
member lies completely within zone 3.
Good collections of the typical zone as-
semblage have been made inthe old Jones
ranchandSolitario areas,where theMonu-
ment Spring member is not present.
For themost part, the fauna of theMon-
umentSpring dolomite member isof adif-
ferent biofacies from that of the other two
members of the Marathon limestone. It
contains sponges, orthoid brachiopods,
cephalopods, gastropods, and some algal
masses.Kirk (1934,p.451) indicated that
thecharacteristic sponge-cephalopod fauna
of the lower part of the ElPaso limestone
is well developed in theMonument Spring
member of the Marathon limestone. He
stated that: "Calathium, Piloceras, and
Colpoceras are lepresented by identical
species with those in the lower El Paso."
King (1937, p. 30) reported masses of
Cryptozoon, Calathium cf. C. formosum
and twoother speciesof sponges,andunde-
termined species of orthoid brachiopods
andgastropods from theMonument Spring
member. Cloud and Barnes (1948, p.64-
-66) obtained Calathium,cystoidplatesand
columnals,Diaphelasma sp., "Orthis" sp.,
Allopilocerascf.A.coarctum, fragmentsof




Cullison from theMonument Springmem-
ber as well as unidentified fragments of
orthoid brachiopods, cephalopods, and
sponges. The fauna is preserved as silic-
ified fragments on the surface of the dolo-
mitic limestone and is thus hard to collect.
Sponge remains are relatively abundant
andcan befound in manyof the exposures
but other fossils arerare.
Zone 4 is characterized by the appear-
18 Bureau of Economic Geology, The University of Texas
ance of additional species of the genera
Tetragraptus and Didymograptus and by
the last appearance of Clonograptus and
Adelograptus. The most widespread and
typical species of this zone is the four-
branched form of Tetragraptus fruticosus.
The typical zonal assemblage was found
best developed in collections 69 and 71.
The lower boundary of the zone is defined
by the first appearance of the four-
branched form of Tetragraptus fruticosus
while the upperboundary is placed at the
first appearance of the three-branched
formof thisspecies.Zone 4isabout 30 feet
thick.
The fifth zoneischaracterizedby the ap-
pearance together of the three- and four-
branched forms of Tetragraptusfruticosus.Also, the Phyllograpti are represented by
three species,two of which appear for the
first time. Two specimens were found of a
trilobite which is similar to a species of
the genusProtopliomerops figuredbyRoss
(1951, pi. 31).Good collections were ob-
tained in the Alsate Creek section (meas-
uredsection XVIII,collections 26 and 27)
andat localities 66, 90, and91. The zone is
about 40 feet thick.
Zone 6 is marked by the appearance of
the dependent didymograptid Didymo-
graptus protobifidus with the three-
branched form of Tetragraptus fruticosus.
Several species of the Tetragrapti and of
theDidymograpti areseenfor thelast time
in this zone for the burst of speciation in
these two genera is over.The dependent
type of Didymograptus makes its first ap-
pearancehere. Typical zonal assemblages
were found in the Alsate Creek section
(measured section XVIII, collections 22,
23, 24F, and25),and in fossil collections
40,52, 63, and64.The zone,the thickest of
those above the Monument Spring mem-
ber, is about 140 feet thick.
The seventh zone is delimited by the
well-known and widespread species Didy-
mograptus bifidus and Didymograptus
artus. Other species of dependentDidymo-
grapti are present, while the extensiform
Didymograpti are now represented by
fewer species than before. Phyllograptus
typus is common, and the first of the Iso-
grapti appear here. The minute form /.
caduceus var.lunata is infrequently found
with the typical zonal assemblage. Good
collections from this zone were secured at
Alsate Creek (measured section XVIII,
collections 19, 20, and 24A) and at lo-
calities 47, 67, and 70. The zone is 30 feet
thick.
TheAlsateCreek exposuresafforded the
best collecting in the entire area. The sec-
tion yielded graptolites in nearly every
inch of rock from the Monument Spring
member to the Alsate shale, permitting
very detailed zonaldeterminations for the
beds abovetheMonument Spring member.
Turner (1940) described a trilobite (Se-
leneceme bakeri (Turner)), from the
Marathon limestonebelow the Alsate shale
at the Alsate Creek section; it probably
came from either zone 6 or zone 7.Kindle
(1942) described a similar trilobite (Se-
leneceme evansi (Kindle)) from Canada
where it was collected from beds contain-
ingDidymograptus bifidus, suggesting an
affinity with zone 7 of the Marathon se-
quence.
Shelly fossils arenotcommonenough in
theMarathon limestone to permit detailed
correlation between the graptolite zones
and sequences where the shelly fossils are
dominant. Thelower partof theMarathon
limestone,however,has yielded afew diag-
nostic trilobites. Wilson (1954a) collected
the Tremadoc speciesParabolinopsismari-
anafrombeds that areingraptolite zone1,
and the writer collected Bellefontia and
Lloydia from the same zone. The Belle-
fontia indicates apossible correlation with
the Gasconade dolomite of the standard
Lower Ordovician section for NorthAmer-
ica. The assemblage of Pachendoceras,
Symphysurina cf. 5. woosteri, Ophileta,
and Finkelnburgia from the lower part of
graptolite zone 2 also correlates with the
Gasconade dolomite. Graptolite zone1and
at least part of zone2 areequivalent to the
Gasconade dolomite. Further, the presence
of Bellefontia and Symphysurina cf. S.
woosteri indicates a correlation of zone 1
andapartof zone2 withRoss' zonesA and
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B of the Garden City limestone in north-
easternUtah.
The fauna of the Monument Spring
member, although of a shelly biofacies, is
poorlypreserved so that accurate correla-
tion of it is difficult. Kirk (1934,p.451)
correlated it with thelower partof the El
Paso limestone of theFranklinMountains.
Cloud and Barnes (1948) wereonly able
to assign post-Tanyard age to the assem-
blage which they collected from themem-
ber. The evidence from the cephalopods
indicates aMiddle or Late Canadian age.
The genusPiloceras isrestricted to theCa-
nadian as is the genus Allopiloceras. All
known speciesof thegenus Shumardoceras
have come from the upper part of the Jef-
ferson City group or equivalent beds. The
presence of sponges similar to Archeo-
scyphiaannulatum indicates apossible cor-
relation with theRich Fountain formation.
Further,the writer comparedsponges from
the Monument Spring member with
sponges from themiddle part of the Kind-
blade limestone in the ArbuckleMountains
and is of the opinion that similar forms
arepresent in both areas. The Kindblade
limestonehas beencorrelated with the Jef-
ferson City group. In summary, zone 3,
which includes the Monument Spring
member, is considered a correlative of the
Jefferson City group.
There are no shelly fossils of value in
correlation in the Marathon limestone
above the Monument Spring member.
However, Didymograptus protobifidus,
which is characteristic of zone 6,has been
recognized by Decker in the Smithville
limestone of the standard Lower Ordo-
vician section and in the West Spring
Creek formation in the Arbuckle Moun-
tains.Didymograptus artusandD.bifidus,
the diagnostic elements of zone 7, are re-
corded from the Joins formation in the
same area (Ruedemann, 1947, p. 88).
Cooper (1956,p.119) assigned the Joins
formation to the early Middle Ordovician,
Whiterock stage. Didymograptus bifidus,
thecharacteristic speciesof zone7,is listed
byRoss (1951,p.27) in zoneM, whichis
present in the Swan Peak formation in
northeastern Utah. Cooper (1956,p.130),
because of thepresenceof Anomalorthis in
the fauna,placed theSwanPeak formation
in the Whiterock stage.Ruedemann (1947,
p.327) reportedD.bifidus from theBlack
Rock limestone of the standard section for
the Lower Ordovician. Graptolite zones 4
and 5 lie between two zones which have
been correlated withunits in the standard
section for the Lower Ordovician; thus
these zones arepossible correlatives of the
Cotter and Powell formations in the Ozark
region.
Tremadoc fossils have been found 25
feet above the contact of the Marathon
limestone with the Dagger Flat sandstone
and 225 feet below the contact. If the
Tremadoc belongs in the Ordovician,as is
now commonly considered, then, with the
exceptionof theuppermostgraptolite zone,
the Marathon limestone is Early Ordo-




King (1931,p.1069) named the Alsate
shale for Alsate Creek (PL 2, B) ex-
posed in the bank of the creek, 2!/2 miles
west of the Picnic Grounds,5 miles south-
southwest of Marathon (PI. 1). It is a
black shale that forms a distinct break
between the characteristic blue-gray-wea-
thering Marathon limestone and the tan-
weathering limestones and calcareous
sandstones of the Fort Pefla formation;
inmost places, it occupies a covered inter-
val between outcrops of these formations.
Local features
Marathon anticlinorium.— In the Alsate
Creek exposure, a conglomerate underlies
the black shale and was included in the
Alsate shale by King. However, the con-
glomerate is merely a lens which can be
tracedinto the blue-gray-weathering,dark
gray,sublithographic limestone at the top
of the Marathon limestone and it thus be-
longs there and not in the Alsate shale.
In this anticlinorium,the Alsate shaleis
well indurated, greenish weathering, and
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breaks into small rhomboid chips. It is
about 100 feet thick inAlsateCreek and in
exposureson theridge east of the road to
Robertsranch but thins to 85 feet 3 miles
to thesouthwest.
DaggerFlatanticlinorium.— The Alsate
shale is much thinner and commonly oc-
cupiesa covered interval in this area.It is
a greenish-weathering black shale. The
granularlimestone layerscontaining Onco-
graptus, which King (1937, p. 31) de-
scribed as apartof the formation, belong
to theoverlyingFortPena formation.
Fossils and age
The formation contains a sparse grapto-
lite fauna. The best collections came from
the outcrop in Alsate Creek (measured
section XVIII, collection 18) where Iso-
graptus caduceus var. lunata,Phyllograp-
tus typus, Tetragraptusamii,Didymograp-
tus affinis, and Didymograptus mendicus
were collected. Isograptus caduceus var.
lunata wasalso collected from severalother
exposures of the formation and is themost
common fossil init.
This fauna is transitional between that
of the Didymograptus biftdus zone and
that of the Isograptus caduceus zone, be-
cause it has species which are character-
istic of both.However, the writer considers
it to be more closely related to that of the
/.caduceus zoneand it therefore is includ-
ed inthat zone. The formation falls within
the Whiterock stageof Cooper as does the
rest of the /. caduceus zone.
Rodriquez Tank sandstone
In the Solitario and old Jones ranch
areas the black Alsate shale is notpresent
between the characteristic limestones of
the Marathonlimestone and the FortPena
formation; in its place is a white to buff
quartzose sandstone that ranges from 20
to 50 feet in thickness. The sandstone is
composed of well-rounded quartz grains.
Graptolites characteristic of theuppermost
part of the Marathon limestone were col-
lected 3 inches below the sandstone, and
graptolites diagnostic of the basal beds of
the Fort Pena formation were collected 1
inch above the sandstone in both areas.
Thus the exactstratigraphic positionof the
sandstone has been determined from
paleontologic evidence.
Although the sandstone is well exposed
outlining a recumbent anticline under the
Cretaceous rimintheoldJones ranch area,
that exposure is not easily accessible.
Therefore, the writer designates thenorth-
ernpartof theSolitario as the typelocality
and names the formation the Rodriquez
Tank sandstone for its outcrops near the
Rodriquez Tank shown on the mapof the
Solitario by Wilson (1954b, p. 2464). A
measured section that shows the strati-
graphic relation of the sandstone to the
underlyingand overlying formations isnot
given because of the structural complexity
of thenorthern part of the Solitario. Sand-
stone lenses which locally appear similar
to theRodriquez Tank sandstone arepres-
ent intheupperpart of theMarathon lime-
stone in both the Solitario and old Jones
ranchareas. However, theRodriquezTank
sandstone is a continuous unit and com-
monly stands out forming a low ridge in
the areaof Ordovician outcrop in theSoli-




The Fort Pena formation forms low
prominentridges throughout theMarathon
basin. King (1931, p. 1070) designated
one of theridges directly north of old Fort
PenaColoradaas thetypelocality.The for-
mation has been so intensely deformed—
commonly occurring in the crests of anti-
clines or troughs of synclines— that there
are few places where morethan a few feet
crop out.Themost complete exposuresare
along the southeast limb of the Marathon
anticlinorium, but even here, the upper
contact is seldom seen.A 229-foot section
of the formation was measured on the
southeast limb of the Marathon anticli-
norium 2y2 miles west of the Picnic
Grounds (PL 1),and 225 feet weremeas-
ured3 miles to the southwest.
The formation consists of alternating
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purple chert in layers 2 to 6 inches thick,
black shale in layers 4 to 24 inches thick,
brown-weathering, thin-bedded, generally
cross-laminated, gray limestone in layers
4 to 18 inches thick containing orange-
weathering chert stringers one-quarter to
three-quarters inch thick, calcareous sub-
graywacke in layers 4 to 17 inches thick,
and limestone and chert-pebble conglom-
erate in layers 3 to10 inches thick. There
is no rhythm to the alternations of lith-
ologies; one rock type extends for several
yards alongstrike and then passes into an-
other rock type.
The lithologic character of the Fort
Pena formation is remarkably uniform
over its outcrop in the Marathonuplift. In
the Solitario and old Jones ranch areas it






clinorium, the formation forms secondary
ridges below those of the white Caballos
novaculite. A ridge of the Fort Pena for-
mation parallels a ridge of the novaculite
along the southeast flank of the Marathon
anticlinorium.North of the townofMara-
thon, the formation crops out in hills of
synclinal structure. Thebase of the forma-
tion in the northern part of the anticli-
noriumis marked by a layer of conglom-
erate 6 to 10 feet thick composed of chert
and limestone pebbles one-quarterinch to
6 inches in diameter set in a gray arenace-
ous limestonematrix.Black shaleorbrown-
weathering,gray, thin-bedded limestone is
the basal bed of the formation in most
places in the southern part of the anticli-
norium.Theshalebeds increaseinnumber
and thickness near the top of the forma-
tion.
Dagger Flat anticlinorium.— Here the
formationhasbeen intensely folded so that
typical exposures are found in low ridges
that structurally areeither troughs of syn-
clines in subsidiary folds involving the
Alsate shale and the upper part of the
Marathon limestone or crests of anticlines
in subsidiary folds involving the Woods
Hollow shale.A conglomerate bed ispres-
ent at the base of the formation in a few




Old Jones ranch and Solitario areas.—
The Fort Pena formation in the old Jones
ranch and Solitario areas consists of the
alternating brown-weathering, thin-bed-
ded,graylimestone,purple chert,limestone
pebbleconglomerate, andblack shale beds
that are so characteristic of the formation
in theMarathon basin.However, the shale
beds aremuch thicker (up to 60 feet in
thickness) andmorenumerous.A few thin
beds of blue-gray-weathering, dark gray,
sublithographic limestone are included
near thebaseof theformation.
Fossils and age
The limestones and shales of the Fort
Pena formation contain graptolites and a
few gastropods, ostracods, brachiopods,
and conodonts. In some of the limestones,
uncompressed or partially compressed
biserialgraptolite rhabdosomes have been
preserved. These rhabdosomes have been
highly carbonized so thatnomorphological
details can be observed, and fine-grained
whitequartzsand nowfills them.Thelime-
stones in which such rhabdosomes are
found contain only a few scattered grains
of quartz sand. The rhabdosomes appar-
entlywere filled withquartz sandand then
transportedinto the areaof limestone dep-
osition. The uncompressed state of such
highly carbonizedremains is doubtless the
result of thesand filling.
Enough distinctive assemblages of grap-
tolites werecollected from different levels
in the formation so that two zonesand part
of a thirdmaybeproposed. The following
checklist (p.22) includes all thegraptolite
species found in the formation and their
zonal occurrence.
The basal beds of the Fort Pena forma-
tionarecharacterized byIsograptus cadu-
ceus var. victoriae, the typical form of /.
caduceus and the name-giving species of
thezone,andby thelarger andmorerobust
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varieties /. caduceus var. maxima and /.
caduceus var.maximo-divergens.The gen-
era Oncograptus and Cardiograptus are
also characteristic of this lowest zone of
the formation. Goodcollections of the typi-
cal zone fossils were made at localities 95,
107,110,140,and 141.
The second zone of the Fort Pena for-
mationis characterized by the appearance
of graptolites with a slender biserial scan-
dent rhabdosome. Hallograptus etheridgei,
thename-giving species,Glyptograptus in-
tersitus, and Trigonograptus ensiformis
are characteristic forms. Other common
species areGlossograptus acanthus,Glypto-
graptus cf. G.austrodentatus,Cryptograp-
tus schaferi, and Didymograptus nodosus.
The Tetragrapticontinue to berepresented
by T. quadribrachiatus and T. serra, but
this is thelast appearanceof the tetragrap-
tids in the section.Themultiramous dicho-





Amplexograptuscf. A. differtus Harrisand Thomas
Brachiograptus etaformisHarrisand Keble
Cardiograptus crawfordi Harris
Cardiograptus morsus Harris andKeble
Climacograptus riddellensis Harris
Cryptograptus schaferi (Lapworth)
Dichograptus marathonensis Berry, n.sp
Dichograptus octobrachiatus(Hall)











Glyptograptus cf. G. austrodentatus (Harris andKeble)
Glyptograptus intersitus Harris and Thomas
Glyptograptus cf. G. teretiusculus (Hisinger)
Isograptus caduceus var.divergens Harris
Isograptuscaduceus var.imitata Harris
Isograptus caduceus var. maxima Harris
Isograptus caduceus var. maximo-divergens Harris
Isograptus caduceus var. victoriae Harris
Isograptus forcipiformis var. latus Ruedemann
Isograptus manubriatus (T.S. Hall)




Loganograptus logani mut. pertenuisRuedemann
Oncograptus upsilon T. S. Hall
Oncograptusupsilon var.biangulatus Harris andKeble
Phyllograptus nobilis Harris andKeble
Phyllograptus typus Hall
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this zone. The Isograpti are represented
here by /. forcipiformis var. latus and /.
ovatus— evolutionary modifications from
/. caduceus.
Typical assemblages of the second zone
can easily be obtained from the Alsate
Creek section (measured section XVIII,
collections 13, 14, 15, 16, 17, and 149)
and fromnear thehighway 1.5miles south
of Marathon,locality 28. Other collections
from this zone weremade at localities 117
and 152. The zoneis approximately 150 to
160 feet thick.
The highest 10 to 20 feet of the Fort
Pena formation and the basal20 to 30 feet
of the overlying Woods Hollow shale are
characterized by the appearance of more
robust biserial scandent rhabdosomes— of
which the well-known, long-ranging Glyp-
tograptus cf. G. teretiusculus, Amplexo-
graptus confertus, and Climacograptus
riddellensis are the most common forms.
Associated with thesespecies areAmplexo-
graptus aff.A.differ tvsand the last of the
Phyllograpti, P.nobilis. Good collections
of the typical zonal assemblage were made
at localities 85 and 92.
King (1937, p. 34) recorded Ceraurus,
Bucania,and a rafinesquinoid brachiopod
probably allied to Ptychoglyptus from the
upper part of the formation near Garden
Springs. The writersearched the outcrops
aroundGardenSprings for more specimens
of these fossils but none was found.
Further, the writer has been unable to lo-
cate the original specimens at the U. S.
National Museum or at The University of
Texas.
Thepaucity of any well-preservedshelly
fauna intheFortPenaformation precludes
a detailed correlation with the Middle
Ordovician stages delimited by Cooper
(1956). However,R.W.Harris (personal
communication)identified Leperditella sp.
and Paraschmidtella perforata from the
secondgraptolite zoneintheformation and
stated that these forms indicate a possible
correlation with theOilCreek limestone of
the Simpson group in the ArbuckleMoun-
tains.Cooper (1956,correlation chart fol-
lowing p.130) placed the Oil Creek lime-
stone in the Whiterock stage. The lower
and middle parts of the Fort Pena forma-
tion (graptolite zone 8 and at least part of
zone 9) are therefore placed in the same
stage.Nemagraptusgracilis, whichis diag-
nostic of Cooper's Porterfield stage, ap-
pears 20 to 30 feet above the base of the
WoodsHollow shale. Theupperpart of the
Fort Pena formation and the lowest 20 to
30 feet of the Woods Hollow shale prob-
ably fall within Cooper's Marmor and
Ashby stages,since they liebetween rocks
placed in the Whiterock stageand thePor-
terfield stage.The fauna of theAlsate shale,
discussed above, is related to that of the
Fort Pena formation, and the Alsate shale
is grouped with thelower part of the Fort
Pena formation in the Whiterock stage.
Woods Hollow shale
General features
Innearly allof itsexposures, the Woods
Hollow shale forms valleys between low
ridges of the Fort Pena formation and the
higher ridges of the Maravillas chert and
the Caballos novaculite. The formation is
the same as Baker and Bowman's members
4and 5 of their Marathon series (table1).
Itis completely exposedin anuncontorted
condition inonly one section— at the type
locality inananticlinal valley in theWoods
Hollow Mountains. In all other outcrops
the formation is intenselycontorted, for the
incompetent shales acted as amobileband
between chert and limestone of the Fort
Pena formation below and the Maravillas
chert above. Several exposuresreveal thin
limestone layers that have been broken,
their endsrolled over,and thesurrounding
shales highly deformed.
Because it crops out principally in val-
leys,onlya few feet of beds areexposedat
anyoneplace.Inaddition to the typelocal-
ity in the Woods Hollow Mountains,good
exposureswere found on the northeast end
of East Bourland Mountain, on Simpson
Springs Mountain (PI. 3, A), in several
gullies near the Sunshine Springs thrust,
and near the Right Hand Shut Up in the
Solitario.
The formation consists of greenish-
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weathering, black shale with interbedded
layers of gray, thinly laminated limestone
and tan-weathering, calcareous siltstone,
each one-quarterto1inchthick,andlenses
of yellow-brown weathering conglomerate
composed of flattened pebbles of black
shale scattered in a gray limestonematrix.
The thinbeds of limestone and siltstone are
more numerous in the basal 60 to 80 feet
of the formation.
The contact of the Woods Hollow shale
and the Fort Pefia formation is grada-
tional. Where seen, the top10 feet of the
Fort Pefia formation is thin-bedded,
brown-weathering, gray limestone in lay-
ers a few inches thick with interbedded
black shale, and the basal 20 feet of the
WoodsHollow shale is thin-bedded,brown-
weathering,gray limestone in layers up to
2 inches thick and grayshale pebble con-
glomerate lenses, both interbedded with
greenish-weathering,black shale.
At a few localities, principally in the
southwestern partof the Marathon basin,
the upper 50 to 100 feet of the formation
contains scattered, rounded boulders of
EarlyOrdovicianand LateCambrianlime-
stone. Baker and Bowman (1917) con-
sidered the boulders to be fossiliferous
nodules inLate Cambrian and "Ozarkian"
shale sequencesunconformably underlying
the Maravillas chert. Theynamed thebeds
"Brewster formation" and "Member 1" of
their "Marathon series." King (1931, p.
1064) recognized that the boulders were
exotics in the Woods Hollow shale and
abandoned the term "Brewster formation."
Ulrich (in Baker and Bowman, 1917)
identified faunas from the boulders and
established their approximate age. Wilson
(1954a) made a detailed study of the
boulders and their faunas,andshowed that
the boulders contain trilobites belonging
to the Atlantic as well as the NorthAmer-
ican faunal province. The presenceof At-
lantic province trilobites suggested to him
the possibility of the distribution of Late
Cambrian and Tremadoc trilobite faunas
from the outer part of the Appalachian
trough through the Ouachita geosyncline
to the Andean trough following a facies
belt. In Wilson's opinion, the blocks
slumped off a Middle Ordovician fault
scarp and wereemplaced in the silty mud
of the Woods Hollow formation by violent
storms or turbidity currents. Because the
blocks of anyone rock typeinclude at least
oneboulder 1to2 feet indiameter, anear-
bypointof originisindicated.
Local features
Woods Hollow Mountains.— The type
locality of the Woods Hollow shaleis inan
anticlinal valley on the former Louis
Granger ranch.Here, theentire formation,
436 feet thick,is clearlyexposedoverlying
the highest beds of the Fort Pefia forma-
tion, which crop out in the center of the
valley. The lower part of the formation is
thinly laminated, yellow-brown weather-
ing, gray limestone and calcareous silt-
stone, each in layers one-half to 1 inch
thick, with greenish-weathering, black
shale partings. These layers grade up into
the characteristic greenish-weathering,
black shale with a few interbedded thin
layers of gray limestone, siltstone, and
shale pebble conglomerate. Four or five
thin beds, one-half to 1 inch thick, of
coarsely crystalline, graylimestone crowd-
ed with comminuted remains of brachio-
pods,bryozoa, trilobites,and crinoids oc-
cur near themiddle part of the formation,
and some of the shale beds in the upper
partof the formation bear mud cracks.
Other localities.— Theupper beds of the
formation on the southeast limb of the
DaggerFlat anticlinorium andonSimpson
Springs Mountain containmore layers of
thinly laminated, gray limestone inter-
bedded with the black shale. Aside from
these minordifferences, the Woods Hollow
shale is remarkably uniform in lithology,
and apparently in thickness, throughout
the entire Marathon region.
Fossils and age
Graptolites are plentiful in the Woods
Hollow shale but arepoorlypreservedand,
because the shale breaks into small pieces,
are difficult to collect. The best fossils are
preserved along the beddingplanes of the
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thin limestone and some of the siltstones.
Some poorly preservedostracods werecol-
lected from the siltstones,and fragmentsof
bryozoa and brachiopods were found in
the thin beds of coarse-grained limestone.
Although the formation is so highly de-
formed that only one complete section was
found, enough graptolite collections were
made from partial sections so that two and
partof a third zonecouldbe delimited in
the formation. The following check list
gives the zonal distribution of the fossils
in the formation.
As was discussed under the Fort Peiia
formation, the basal 30 to 40 feet of the





Amplexograptus cf. A. differtus Harris andThomas





Climacograptus modestus var. meridionalisRuedemann
ClimacograptusparvusHall
Climacograptus riddellensis Harris






Dicellograptus divaricatus var. salopiensisEllesandWood
Dicellograptus gurleyi Lapworth
Dicellograptus gurleyi var. exilis Ruedemann
Dicellograptus intortus Lapworth ,
Dicellograptus moffatensis var. alabamensis Ruedemann
Dicellograptus patulosusLapworth
Dicellograptus sextans (Hall) _
Dicellograptus sextans var. exilisEllesandWood
Dicellograptus smithiRuedemann
Dicranograptus brevicaulis Ellesand Wood
Dicranograptus contortus Ruedemann
Didymograptus saggiticaulis Gurley
Didymograptus serratulus (Hall) r
Didymograptussubtenuis (Hall)
Diplograptus multidens Elles and Wood
Diplograptus multidens var. diminutus Ruedemann
Glossograptus armatus Nicholson
GlossograptusciliatusEmmons?
Glossograptus hincksii (Hopkinson) _.
Glyptograptus teretiusculus (Hisinger)
Glyptograptus cf. G. teretiusculus (Hisinger)
Glyptograptus teretiusculus var. euglyphus (Lapworth)
Glyptograptus teretiusculus var.pygmaeus (Ruedemann) .
Glyptograptus teretiusculus var. siccatus (Elles andWood)
Hallograptus bimucronatus (Nicholson)
Hallograptus mucronatus (Hall)
Leptograptus flaccidus mut. trentonensis Ruedemann
Leptograptus validusvar. incisus (Lapworth) ?
Nemagraptus exilisvar. linearisRuedemann
Nemagraptus gracilis (Hall)
Nemagraptus gracilisvar. surcularis (Hall)
Orthograptuscalcaratusvar. acutus (Lapworth)
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of the Fort Pena formation comprise a
zone characterized by Glyptograptus cf.
G. teretiusculus and Amplexograptus con-
fertus. Collections of the typical zone
species weremade from the Woods Hollow
shale at localities 38, 46, and46A.
The first complete zone inthe formation
is marked by the appearance of the fa-
miliar and diagnosticNemagraptusgracilis
and itsassociates in the generaNemagrap-
tus, Dicellograptus, and Dicranograptus.
This zoneof N. gracilis is marked by one
of themostsuddenburstsof new genera in
the evolution of the Graptolithina. N.gra-
cilis is not common in the zone; however,
the zone can easily be recognized by the
profusion of Dicellograpti and several
species of the genera Dicranograptus,
Cryptograptus, and Leptograptus. Diag-
nostic species of this zone, in addition to
N.gracilis, areN.exilis var.linearis,Lep-
tograptus validus var. incisus?, Dicrano-
graptus brevicaulis, Dicellograptus mof-
fatensis var.alabamensis,andDicellograp-
tus sextans.TheClimacograpti andGlypto-
grapti,although commonin this zone,are
overshadowed by the abundance of Dicel-
lograpti.N.gracilis and most other species
and varieties of the Nemagrapti are re-
stricted to this zone.Good collections were
obtained from localities 49, 104, 122, 139,
and 148. This zone comprises 260 to 280
feet of the formation.
Thehighest graptolite zone inthe Woods
Hollow shale, that of Climacograptus bi-
cornis, is characterized by a continuation
of the trend toward larger biserial scan-
dent rhabdosomes, and by the widespread
development of the well-known Climaco-
graptus bicornis. Of the species with large
biserial scandent rhabdosomes, Diplo-
graptus multidens and Orthograptus cal-
caratus var.alabamensis are themostdiag-
nostic of the zone. The Didymograpti,
represented by the long, broad-striped
species Didymograptus saggiticaulis and
D.serratulus, are seen for the last time in
this zone. Good collections of the typical
zonal assemblage were obtained from lo-
calities 87, 94A, 100, 103, 105, 127, and
136. The upper 150 to 160 feet of the
WoodsHollow shaleisencompassedbythis
zone, and all the boulders discussed by
Wilson (1954a) are within it. Character-
istic zone fossils were collected from the
shales surrounding the boulders at Simp-
son Springs Mountain and East Bourland
Mountain.
King (1937, p.35) reportedDiplograp-
tus from the lowest beds at the type lo-
cality of the formation and the bryozoa
Phaenopora, Nicholsonella, Rhinidictya,
and Anolotichia, the trilobitesIllaenus and
Asaphus, the molluscs Modiolopsis and
Holopea, and the brachiopod Orthis from
higher in the section at the same locality.
King (1937,p.36) alsorecorded Ceraurus,
Hormotoma, Dicellograptus,Diplograptus,
and Glossograptus fromalong the roadbe-
tween Ridge Spring and Garden Springs.
The writer searched the Woods Hollow
shale along theroadbetween Ridge Spring
and GardenSprings andall of the outcrops
at the type locality for fossils other than
graptolites but found only fragments of
bryozoa andbrachiopods inbothlocalities.
Ulrich identified Anolotichia aff. A.
revalensisBassler,Nicholsonella sp.,Phae-
nopora cf.P. incipiens Ulrich,Stichtopo-
rella cf. S.exiguaUlrich,Rhinidictya sp.,
Sowerbyella ("Plectambonites") aff. 5.
quinquecostata (McCoy),Eurychilina sp.,
and Aparchites sp. from collections made
2 miles southwest of Lightning ranch by
Bose (Baker and Bowman, 1917). The
writer carefully searched the outcrops of
the Woods Hollow shale in that area but
was able to obtainonly the followingostra-
cods: Eurychilina papillata, E.cf.E. sub-
radiata, Eurychilina sp., and Schmidtella
sp. They camefrom near themiddle of the
formation, and R. W. Harris (personal
communication) statedthat theyindicate a
correlation with thelower part of theBro-
mide formation of the Simpson group in
the Arbuckle Mountains,Oklahoma.
Since only fragments of brachiopods
were obtained from the Woods Hollow
shale, a close correlation with Cooper's
(1956) stagesof theMiddle Ordovician is
not possible. Cooper does indicate that
Nemagraptusgracilis andits associatesare
found in the Porterfield stage. Further,he
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places the lower part of the Bromide for-
mationin that stage.Thus thebasalbeds of
the Woods Hollow shale, those older than
the zoneof A^. gracilis, are older than the
Porterfield stageand fall within the Ashby
stage.The zone of N.gracilis and possibly
part of the overlying C. bicornis zone fall
within the Porterfield stage. At least part
of the C.bicornis zoneprobably is within
the lowerpart of theWilderness stage.The
next younger zone in the Marathon se-
quence,that of Orthograptus truncatus var.
intermedius, is a correlative of the basal
part of the Violalimestone inthe Arbuckle.
Mountains. Since Cooper places the basal
part of the Viola limestone in the upper
part of the Wilderness stage, apart, only,
of the C. bicornis zone is placed in the
lower partof that stage.
Maravillas chert
General features
Baker andBowman (1917,p.87) named
the Maravillas chert for its exposures at
Maravillas Gap, 20 miles southwest of
Marathon. It crops out on the inner slopes
of the novaculite-capped ridges that are
so characteristic of the Marathon region.
Its black cherts and limestones stand out
in marked contrast to the white novaculite
above them. Good exposuresarepresentin
the cliffs that rise above the swimmingpool
at thePicnic Grounds 5 miles southwest of
Marathon, at Rock House Gap located at
the southwestern end of the southeast limb
of theMarathon anticlinorium,and on the
northwest slope of Threemile Hill, 3%
miles northeast of Maravillas Gap (PL 1).
The formation is composed of layers of
black chert 6 to 8 inches thick alternating
with light-gray weathering, black, petro-
liferous limestone layers 4 to 8 inches thick
(PI. 3, B). Also, it includes some inter-
bedded lenses of chert and limestone peb-
ble conglomerate,afew thin,pink-weather-
ing shalepartings, and a few layers of sub-
graywacke 4 to 6 inches thick, some of
which exhibit graded bedding. Both the
black chert and thelimestone arelenticular
and intergrade along strike. Black chert
predominates over limestone in the upper
150 to 200 feet of the formation,but the
difference is not sufficient to warrant sep-
aration of this partas a distinct member.
The rocks of the Maravillas chert reflect
a sharp change in the sedimentary en-
vironment. The chert and limestones over-
lie the Woods Hollow shale conformably,
and although a coarse conglomerate is
found at the base of the Maravillas chert
in some places,paleontologic evidence has
not revealed any considerable temporal
break betweenthe two formations.
TheMaravillas chert rangesin thickness
from 200 to250 feet in theMarathon anti-
clinorium; it thickens southeastward to
about 350 feet on the northwest limb of
the Dagger Flat anticlinorium and is
nearly400 feet thickon thesoutheast limb.
It apparently thins farther to the south,
because it is about 200 feet thick in the
old Jones ranch area and about the same
thickness in the Solitario.
Local features
Maratlwn anticlinorium.— The upper-
most 5feet of the formation exposedin the
ridge trending northeast from the swim-
mingpool iscomposedof interbeddedpink-
weathering shale and chert in layers half
an inch to 3 inches thick. The shale con-
tains latestOrdoviciangraptolites. Similar
graptolites have been obtained from lime-
stones atthe topof the formation in several
localities. Because of the contained fossils
and the resemblance of the pink-weather-
ing shale to shale partings in the middle
part of the Maravillas chert, the shales are
included in the Maravillas formation and
arenot referred toa younger formation as
suggested by Wilson (1954b, p. 2470).
The lower 50 feet of the formation includes
numerousbeds of chert and limestonepeb-
ble conglomerate (thepebblesrangein size
from one-eighth inch to about 2 inches in
diameter) which contain fragments of
bryozoaand trilobites.
A basalconglomerate about10 feet thick
is exposedat Rock House Gap.Black chert
and black limestone pebbles are common
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in the conglomerate, but it also includes
rock types not found in the Marathon re-
gion,suchas abrownish,medium-grained,
quartzosesandstone and pinkish dolomite.
Abraded remainsof corals are present in
the coarse-grained, brown, quartz sand
matrix. The conglomerate is a lens and
passes intoblack chert alongstrike.
Dagger Flat anticlinorium.— At Three-
mile Hill and at the type locality, Mara-
villas Gap, theMaravillas chert isbounded
at itsbase by the major fault plane of the
Threemile Hill thrust.Near the middle of
the section at both of these localities sev-
eral beds of coarse-grained calcarenite 2
to 10 feet thick contain abundant frag-
ments of bryozoa and trilobites. Similar
coarse-grained calcarenite beds, but thin-
nerand less fossiliferous,crop out near the
middle of the formation on the southeast
flank of the Dagger Flat anticlinorium
north from Threemile Hill.
Southern exposures.— Chert predomi-
nates overlimestone inallexposuressouth
of the Marathon basin. On Rough Creek,
in the DoveMountain quadrangle, the for-
mation consists of black chert in layers 3
to 10 inches thick with a few interbedded
layers of black limestone 4 to 6 inches
thick. In the old Jones ranch areaand at
Persimmon Gap, the entrance toBigBend
National Park on State Highway 51, the
upper 20 to 40 feet of the formation con-
sists of black chert in layers 4to 10inches
thick; whereas lower inthe section,black
chert,black limestone, andafew chert and
limestone pebble conglomerate lenses are
interbedded. In the several exposures of
the formation along thenortheastern front
of the Santiago Mountains, the formation
consists of interbedded layers of black
chert 4 to 8 inches thick and ablack lime-
stone4to6 inchesthick.AttheRightHand
Shut Up in the Solitario, 154 feet of the
formation is exposed ina section that has
been intrudedby sills.Here it is nearly all
black chert withonlyafewblack limestone
lenses,but other outcrops of the formation
in the Solitario include some black lime-
stone in beds 2 to 4 inches thick inter-
bedded with the black chert.
Fossils and age
Fragmentsof fossils arepresent through-
out the Maravillas chert,but the preserva-
tion is so poor that identification is diffi-
cult. Graptolites have been collected from
thelimestones in allparts of the formation.
The conglomerates at the base of it have
yielded abraded remains of corals and
brachiopods. Fragments of trilobites and
ostracods were collected from the black
fine-grained limestones, some of the lime-
stone pebble conglomerates, and from the
coarse-grained calcarenite beds that are
crowded with bryozoa.Inaddition to sev-
eralspecies of bryozoaand afew trilobites
and ostracods, thesebeds have also yielded
brachiopods and corals. Scattered through
the black cherts are sponge spicules and
someRadiolaria,but no attempt has been
made toclassify thesefossils.Enoughgrap-
tolites have been collected from the lime-
stones to identify three zones in the forma-
tion. The following check list (p.29) gives
the zonal distribution of fossils in the for-
mation.
The lowest zone is characterized by the
appearance of large Orthograpti, the fol-
lowingspeciesof whicharetypical:Ortho-
graptus truncatus var. intermedius, O.
quadrimucronatus var.angustus, O. quad-
rimucronatus var. cornutus, and 0. calca-
ratusvar.incisus.Climacograptus typicalis
var. crassimarginalis and Dicranograptus
nicholsoni are two other species that are
common. The trilobites Cryptolithus and
Ampyxinaand the coralStreptelasma were
collected from the basal beds of the zone.
Collections of the typical zonal assemblage
weremade at localities 73, 868, 128, 133,
134,134A,and 135.
King (1937, p. 41) recorded Colum-
naria, Halysites, Paleofavosites, Strepte-
lasma,Platystrophia, and Hebertella from
the basal conglomerate of the Maravillas
chert atRock House Gap.Fromlimestones
overlying the conglomerate, he obtained
Cryptolithus, Harpes, Strophomena, Cli-
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Zonal distribution of species in the Maravillas chert
macograptus antiquus, Diplograptus am-
plexicaulis, and "Dicellograptus" nichol-
soni. The last-named form must be a mis-
print since there is no species "nicholsoni"
of the genus Dicellograptus. In the genus
Dicranograptus, however, "nicholsoni" is
a well-known species and is characteristic
of thishorizon.King (1937,p.41) records
alist of ostracods,brachiopods, a trilobite,
and agraptolite identified by Ulrich from
collections made by Baker and Bowman at
Rock House Gap. The writer re-examined
this collection at the U. S. National Mv-
scum and confirms the identification of
Diplograptus amplexicaulis (Orthograp-
tus aff. O. truncatus herein), Aparchites
sp.,Eurychilina, and Cryptolithus. Cooper
(personal communication) identified an
immature Christiana? and Paterula from
this collection. King (1937, p.41) lists a
few graptolites which Ruedemann identi-
fied from three localities north of the
town of Marathon.
The second zone in theMaravillas chert
13 14 15
limacograptus antiquus Lapworth —
limacograptus caudatus Lapworth -
limacograptus hastatus T. S. Hall
limacograptus minimus (Carruthers) -
limacograptus mississippiensis Ruedemann
limacograptus putillus (Hall)





limacograptus typicalis var.crassimarginalis Ruedemann
and Decker
limacograptus cf. C. ulrichiRuedemann
)icellograptus complanatusLapworth
)icellograptus complanatusvar. arkansasensis Ruedemann
Hcellograptus complanatusvar. ornatusEllesandWood
)icellograptus forchammeri (Geinitz)?









)rthograptus cf. O. calcaratus var. basilicusLapworth
)rthograptus calcaratus var. incisus (Lapworth)
)rthograptus cf. 0. calcaratus var. vulgatus (Lapworth)
)rthograptus quadrimucronatus (Hall)
)rthograptus quadrimucronatusvar. angustus (Ruedemann)....
)rthograptus quadrimucronatusvar. cornutus (Ruedemann) ....
)rthograptus aff. O. truncatus (Lapworth)
)rthograptus truncatus var. abbreviatus (Elles and Wood) ? ....
)rthograptus truncatus var.intermedius (Elles and Wood)
)rthograptus truncatus var. pertenuis (Ruedemann)
)rthograptus truncatus var. recurrens (Ruedemann)
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is characterizedby severalspecies of large
Orthograpti associated with large Dicello-
grapti. Orthograptus quadrimucronatus
(the typical form) is the most widespread
and diagnostic species of this zone. Other
characteristic species include Climaco-
graptus tubuliferus, Dicellograptus for-
chammeri?,Orthograptuscf. O.calcaratus
var. vulgatus, and Orthograptus aff. O.
truncatus.The trilobites Flexicalymene and
Cryptolithus and the bryozoa Hallopora
were identified in collections made within
this zone atThreemile Hill. Collections of
the typical zone species were obtained
from localities 45, 55, 83A, 86A, and 132.
King (1937, p. 41) reproduced from
Baker and Bowman (1917, pp. 89-90) a
list of bryozoaandbrachiopods whichthey
collected at Maravillas Gap and which Ul-
rich identified. Baker and Bowman (1917,
p. 90) added a second list of corals and
brachiopods. King (1937, p. 41) stated
that the calcarenite lenses composed of
bryozoaand other fossils found in the mid-
dle part of the Maravillas chert in the
southern part of the Marathon uplift are
"built of such genera as Constellaria and
Pachydictya, in which areimbedded a few
shells of Platystrophia, Rafinesquina,
Hehertella." The writersearched theMara-
villas chert at Maravillas Gap for bryozoa
and brachiopod material similar to that
collected by Baker and Bowman but was
able to find only some poorly preserved
specimens.Further, the writer was unable
to locate the original collection on which
Ulrich worked at the U.S. National Mu-
seum. The bryozoan calcarenite beds from
which the writer collected at Threemile
Hill are in the second zone in the Mara-
villas chert.
The third zonein the formation is char-
acterized by Dicellograptus complanatus
andits varieties,by three small species of
Climacograptus, andby Diplograptus cras-
sitestus. The Orthograpti are represented
by two small varieties of Orthograptus
truncatus— O. truncatus var. socialis and
O.truncatus var.abbreviatus?.A formlike
the typically lower Silurianspecies Clima-
cograptus scalaris var. miserabilis was
found here also. Good collections of the
typical species of the zone were obtained
from localities 60, 138,and 147.The zone
is about 50 feet thick.
The writer found no fossils other than
graptolites in the upper 100 feet of the
Maravillas chert. Thesebeds arecomposed
predominantly of chert; however,Bassler
(1950,p. 19) listed five species of corals
characteristic of the Richmond stagefrom
the Maravillas chert but gaveneither stra-
tigraphic nor locality data.
The ageof theMaravillas chert hasbeen
the subject of considerable discussion.
Schuchert (in Udden, 1907) considered
the first fossils found inthe chert-limestone
sequence to be of Trenton age.Ulrich (in
Baker and Bowman, 1917) considered the
lower part of the Maravillas chert to be
correlative with themiddle and upperpart
of the Viola limestone in the Arbuckle
Mountains and the Trenton limestone of
New York,becausehe regarded the fossils
Baker andBowmancollected fromthe base
of the formationat Rock House Gap to be
of Trenton age.Further, hestated that the
fauna of bryozoa and brachiopods from
Maravillas Gap was a "typical Fernvale-
Richmond fauna," and he considered that
the upperpartof theformation hadasimi-
lar relation to the Trentonpartas theFern-
vale-Richmond zonehad to the Viola lime-
stone in Oklahoma. Ulrich thought that
the Fernvale-Richmond zone and its cor-
relatives marked a great transgression fol-
lowing a period of emergence and placed
it at the base of the Silurian. Thus Ulrich
divided the Maravillas chert (as he did
other western formations such as the Mon-
toyalimestone and Bighorn dolomite) into
a lower part correlated with the Trenton
and an upper part correlated with the
Fernvale-Richmond.
Kirk (1930, p. 465) gave his opinion
that the zone" of the Mara-
villas chert was probably of Cincinnatian
age. He used Cincinnatian in the sense of
pre-Richmond and post-Trenton. King
(1937,p.41) reported that Kirk had col-
lected Cryptolithus from the "reef beds on
Threemile Hill."Fragmentsof this trilobite
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areabundant in the calcarenite beds com-
posed of bryozoa and other organisms at
Threemile Hill, and, as discussed above,
thesebeds fall within the second graptolite
zone in the formation. King (1931, p.
1075; 1937, pp. 41-42) assigned Late
Ordovician age to theMaravillas chert,and
it is placed in the Richmond stage in the
Ordovician correlation chart (Twenhofel
etal., 1954).
The graptolite fauna of the formation
displays a gradual change so that three
zones are recognized.The discussionof the
age of the formation involves the grapto-
lites principally, because the other fossils
are too poorlypreservedand arenot found
atregular enoughintervals to beuseful for
detailed work.
The fauna of the Denmark limestone of
the type Trenton includes the graptolite
species Orthograptus truncatus var. inter-
medius which is the most characteristic
species of the lowest graptolite zone in the
Maravillas chert. The writer examined
Ruedemann's collections at the New York
State Museum in Albany and recognized
this species from the Denmark limestone
only. It had not been collected from the
lower beds of the Trentonstage.
The writer examined Decker's collec-
tions from the Viola limestone which are
at theUniversity of Oklahoma. The follow-
ing species were recognized from collec-
tions made near thebase of the formation:
Dicellograptus forchammerivar. flexuosus,
Dicranograptus nicholsoni, Climacograp-
tus typicalis var. crassimarginalis, Ortho-
graptus truncatus var. intermedius, and
Orthograptus quadrimucronatusvar.spini-
gerus.Four of these species are common to
both the basal part of the Viola limestone
and the lowest zone of the Maravillas
chert,including the diagnostic 0.truncatus
var- intermedius. The lowest zone in the
Maravillas chert, the lower part of the
Viola limestone, and the Denmark lime-
stone in the type Trenton are considered
correlatives. Because Cooper (1956)
placed the base of the Viola limestone in
the upperpart of the Wilderness stage, the
base of the Maravillas chert is placed in
thesamepartof thisstage.
The graptolite fauna of the second zone
in the Maravillas chert can be correlated
with the graptolite fauna of the Lorraine
group in New York. The most diagnostic
species are Orthograptus quadrimucrona-
tusand Climacograptus typicalis whichare
common inboth the Maravillas chert and
in the Lorraine group. Climacograptus
typicalis is also found in the Southgate
formation of theEden group inCincinnati.
The Lorraine group was correlated with
the Eden and part of the Maysville by
Ruedemann (1925a) and this correlation
was followed in theOrdovician correlation
chart (Twenhofelet al., 1954). Zone 2 in
theMaravillas chert is correlated with the
Eden and Maysville stages. The Crypto-
lithus zonementioned by Kirk (1930, p.
465) is in zone 2, and the writer agrees
with the Cincinnatian age proposed by
Kirk for the particular part of the forma-
tion in which he found the fragments of
Cryptolithus so abundant.
Thegraptolite fauna of the third zone in
theMaravillas chert iscorrelative with the
highest Ordovician graptolites in the Eng-
lish and Australian sequences. Since the
zone is evidently post-Maysville and latest
Ordovician in age, it must be Richmond,
although the typeRichmond has but three
little-known graptolites. Also, the Sylvan
shaleinOklahomahas afauna verysimilar
to the third zone and it is placed in the
Richmond stagein theOrdoviciancorrela-
tion chart (Twenhofel et al., 1954). The
Maravillas chert represents late Middle
Ordovician and all of Late Ordovician
time.Theoriginal diagnosis by Ulrich ofa
Trenton fauna and a Richmond fauna in
the formation is correct, but the Eden and
Maysville arealso represented.There is no
break in time within the Maravillas chert;
there seems to have been continuous dep-
ositionfrom late Wilderness time through
the Trentonand all of theLateOrdovician.
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Depositionalhistory of the
Ordovician strata
From a consideration of the rock types
and their planktonic fauna— graptolites—
a few conclusions concerning the con-
ditions of deposition may be inferred.
The Marathon limestone includes calci-
lutite, current-laminated beds of fine-
grained calcarenite, shale, many con-
glomerate lenses, and some subgraywacke
lenses. These subgraywackes, like those
higher in the succession, arecomposed of
grains of quartz, plagioclase, sericite, and
glauconite, and fragments of calcarenite.
The cementing material is predominantly
calcite. The source of the clastic material
doubtless lay to the south, because areas
to the west, north, and east were sites
of carbonate deposition during Early
Ordovician time. Also, the formation
includes more shale and thicker subgray-
wacke layers in its more southerly expo-
sures (the old Jones ranch and Solitario
areas) than it does inthemainuplifts.The
dip of the cross-lamination in the calcare-
nite layers indicates thelast current acting
camefrom the southwest.This currentmay
havebeen alongshore current operatingat
anangle to theactual direction from which
the sediment came.
For a shortperiod in the middle partof
Early Ordovician time, patch reefs grew
extensively inthe areaof thepresentMara-
thon anticlinorium and to a lesser extent
in the Dagger Flat anticlinorium area.
These oval lenses, composed of calcilutite
surroundedby anetwork of dolomite,char-
acterize the Monument Spring dolomite
member andcontain a different fauna from
the surrounding rocks. The reef masses
were probably built up by algae which
acted as trappersand binders of bioclastic
lime debris. Cup-shaped sponges weresec-
ondary parts of the framework— forming
widelyspaced tiepoints between which the
algae grew. In and around this mass, gas-
tropods, nautiloids,and brachiopods flour-
ished. The reef masses were small mounds
and doubtless resembled in size and pos-
sibly in shape small patch reefs found in
the lagoons of many modern coral atolls.
They probably grew during a period of
quiescence when the larvae of bottom-
dwelling organisms floated into the re-
gion and were able to settle and grow
successfully on the sea floor. After a time,
waveaction increased and coarser-grained
sediment went into suspensionand washed
around and over the reefs, ending their
growth.
Some of the calcarenites in the forma-
tion are penetrated by small tubes filled
withcomminuted material,perhapsleft by
a burrowing animal. Also, a few of the
calcareous shale layers bear mud cracks.
These features,inaddition to the reefs, the
intraformational conglomerate, the cross-
lamination,and the pellet and aggregate
structures in the calcilutites, indicate that
the Marathon limestone was deposited in
an areacoveredby shallow watersubjected
to wave and current action and which,at
least in places, was temporarily exposed
and became a mud flat. The area appears
to have been a shelf, possibly with some
local highs. A land mass lay to the south;
it contributed only a little noncalcareous
material to thenorthern part of the region
but a considerable amount to the southern
part.
Carbonate formation ceased duringdep-
osition of the Alsate black shale in the
areas of the present main uplifts and of
theRodriquezTank quartzosesandstone in
the old Jones ranch and Solitario areas.
Although the sandstone is exposedonly in
two areas, it is very similar in both and
may well have been a continuous near-
shore deposit. Possibly an uplift had oc-
curred to the south so that the shore line
was near the presentsites of the Solitario
and old Jones ranch. A relatively small
amount of fine-grained sediment was
carried to the northern part of the Mara-
thon region. The present Marathon basin
was occupied by a stable water mass and
reducing conditions prevailed.
Black shale deposition wasapparently of
short duration; then carbonate deposition
returned. The rocks of the Fort Pena
formation consist of alternating layers of
medium- and fine-grained,cross-laminated
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calcarenite, chert composed of radiating
fibers of chalcedony, black shale, and
lenses of subgraywackeandchert andlime-
stone pebble conglomerate. The dip of the
current laminae indicates that thelast cur-
rent topass over thecalcarenite beds came
from thesouthwest.Also,severalbeds with
biserial graptolites arranged with their
long axessubparallel were found near the
top of the formation. The proximal (nar-
row) ends of the rhabdosomes point S.
25° W. to S. 40° W., indicating that the
last current topassovertheserhabdosomes
came from the southwest. As indicated
above, the cross-laminated calcarenite
layers were probably deposited above
wave base in shallow water.
The calcarenitesof the Fort Pena forma-
tion become more thinly laminated near
the top and grade into the thinly laminated
fine-grained calcarenites and the shales of
the overlying Woods Hollow formation.
The environmentin the depositional area
slowly changed to one in which mud was
being deposited. Currents periodically
swept different material into the area of
black mud accumulation. In some cases,
the currents carried fine sand-sized grains
of calcite and in other cases, silt and fine
sand-sized quartz grains. In some places,
the currents ripped fragments of shale
from thebottomand incorporatedthe frag-
ments with thematerial theywerecarrying.
Nearly all the fossils found in the forma-
tion came from the siltstone and calcare-
nites. The fossils are poorly preserved—
showing signs of transport.The graptolites
with biserial rhabdosomes are commonly
aligned with their proximal ends pointing
southwest. Some of the shale layers bear
mudcracks, and the presence of them indi-
cates that the waterbecame shallow in the
Marathon region during the time of depo-
sition of the Woods Hollow shale. From
time to time,parts of the areaweretempo-
rarily exposed.Thepresenceofmud cracks
is at present considered good evidence
of shallow water. However, subaqueous
shrinkagecracks areapossibility,although
their formation in a layer has not been
demonstrated (Pettijohn, 1957, p. 193).
The region may have been a large mud
flat across which water fluctuated and into
which silt and sand-sized material was
carried periodically by currents generated
by storms.
Theexoticboulders describedbyWilson
(1954a) occur in the upper 15 to 70 feet
of the Woods Hollow shale. The boulders
are slabs with rounded corners and are
composedof several types of limestone not
found in theMarathon region. Theyrange
from several inches to 10 feet in length
and are found in a rather restricted area
on the southwest side of the Marathon
basin. The shale around the slabs is in-
tensely contorted, and the slabs occur as
isolated masses. Fragments of other ma-
terials are not present. The slabs were
probably derived from a rising highland,
possibly to the west, and the processes
which produced them may have been re-
lated to the general disturbances which af-
fected much of the geosynclinal area in
eastern North America during the latter
part of the Middle Ordovician.
The black limestones and cherts of the
Maravillas chert represent a change
in the sedimentary environment in the
Marathon region. The formation is com-
posed of interbedded chert,composed of a
fine-textured mass of cryptocrystalline
quartz, and calcilutite with somelenses of
intraformational conglomerate, subgray-
wacke, and pinkish-weathering shale.
The black silicaand limemuds couldbe
the product of reducing conditions either
in the water mass or below the water-
sediment interface. When such conditions
prevail below the interface, rapid sedi-
mentation is taking place to prevent oxy-
genationof the sediment. The absence of a
bottom-dwelling fauna and the fact that the
200 to 400 feet of sediment now compris-
ingtheMaravilias chert was depositeddur-
ingalongperiod of time (fromlateMiddle
Ordovician through Latest Ordovician),
indicate that the reducing environment
was above the water-sediment interface. A
stable watermasspersistedoverthebottom
of thepresentMarathon region throughout
the time during which the rocks of the
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Maravillas chert werebeing deposited. The
water may have been either shallow or
deep; however, it was shallow enough so
that the bryozoa, trilobites, and corals,
whichnow formcoarse-grainedcalcarenite
beds, could thrive in local patches. These
patches were areas of the sea floor where
water circulation was sufficient to over-
come the reducing conditions temporarily
and permit growth of the bottom-dwelling
organisms. The areas were local in extent
and the bottom-dwelling fauna flourished
for a short timeand then wasovercomeby
toxicwater from adjacent areas.Also, cur-
rents ripped limestone and chert pebbles
from the sea floor and incorporated them
into conglomeratesfrom time to time.
Fine-graineddeposits of calcium carbon-
ate and silica slowlyaccumulated in the re-
ducing environment.A nearby land mass
was probably the source for the quartz
and feldspar in the subgraywacke lenses.
Because of the freshness of the feldspar in
the subgraywacke, such a land mass does
not seemto haveundergone enoughchemi-
cal activity to supply silica only. Thus
it probably was not the source of
colloidal silica as King (1937, p. 46)
postulated. Sediments similar to those in
the Marathon region werebeing deposited
northwest of it. Limestone was being de-
posited for several hundred miles north-
ward. Therefore, there does not appear to
have been asuitable source for silica in the
colloidal form.
Graptolite-bearing rocks may be either
deep or shallow-water deposits (Bulman,
1955, pp.Vl6-Vl7).From a study of the
Ordovician strata inthe Marathon region,
a shallow-water origin maybe postulated
for thelower and middle partsof the suc-
cession, but evidence is inconclusive for
the upper part. During much of the time
of deposition of the Ordovician succession,
the bottom was foul and probably the
waters were turbid. These conditions are
unfavorable to the growth of a bottom-
dwelling fauna. Thus graptolites— pelagic
organisms— and a few inarticulate bra-
chiopods that could withstand awide vari-
ation in environmental conditions are
found as the principal fossils. Only during
thedevelopment of the reef patches in the
middle part of Early Ordovician time and
the bryozoa in the middle part of Late
Ordovician time, werebottom-dwelling or-
ganisms able to thrive in any part of the
Marathon region.
Devonian system
Overlying the Maravillas chert is a se-
quence of white novaculites and vari-
colored cherts and shales. This sequence
was named the Caballos novaculite by
Baker and Bowman (1917, p. 93) who
designated Horse Mountain as the type
locality. King (1937), after a detailed
study of the formation, divided it into five
members. The writer and Nielsen (1958)
discussed the regional aspect of the mem-
bersandshowed that the lowest member—
a brown chert— overlies the Maravillas
black cherts and limestones in the Mara-
thon basin. In the Solitario, old Jones
ranch,and Persimmon Gap exposures, the
pink shalesof King's thirdmember overlie
the Maravillas chert. Graves (1952) des-
cribedconodonts fromtheupperpartof the
Caballos novaculite and interpreted the
fauna tobeof Late Devonian age.
Correlation
Correlation withinNorth America
The details of the fauna found in each
formation have been discussed. Graptolites
areplentiful throughout the sequence and
15 zones have been delimited. Although
other elements of the fauna are few, and
recent detailed work on the graptolite-
bearing rocks in other regions is lacking,
some correlations can be made (table 2).
Good correlation is possible with the well-
known Ordovician graptolite-bearingrocks
of Quebec and New York.
A few fossils only have been collected
from the Schaghticoke shale inNew York,
but the presence of Dictyonema canadense
(Bulman, 1950a, p. 72), Staurograptus
dichotomus var. apertus,and Bryograptus
patensinthis shale and inthe Matane shale
of Quebec indicates similarity in age be-
tween these two formations. The Matane
shale contains a more varied graptolite
fauna (Bulman,1950a), including species
of Anisograptus and Triograptus. These
latter two genera and the genus Stauro-
graptus are represented in zone 1of the
Marathon sequence andindicate aprobable
correlation between this zone and the
Matane shale. Thus the lowest zoneof the
Marathon succession, the Matane shale of
Quebec, and the Schaghticoke shale of
New York areconsidered correlatives.
The Clonograptus-Adelograptus assem-
blage which characterizes zone 2 of the
Marathon sequence has been recorded
from but one other locality in North
America. Kindle and Whittington (1958,
p. 331) have collected the typical zonal
assemblage from western Newfoundland.
The correlation between the Marathon
limestone and the standard Lower Ordovi-
cian sectionhasbeen discussedaboveunder1
the heading "Fossils and age of the Mara-
thon limestone" (pp. 15-19). As was
pointedout inthat discussion, the presence
of Bellefontia in zone 1 and Ophileta,
etc., in zone 2 suggests that zone1and at
least part of zone 2maybe correlated with
the Gasconade dolomite of this standard
section.
Raymond's (1914) zone A of the Levis
shale and zone3 of theMarathon sequence
have similar faunas, the following species
being common to both: Clonograptus
flexilis,Clonograptus rigidus,Tetragraptus
approximates, Tetragraptus quadribra-
chiatus, and Tetragraptus serra. Of these
species, T. approximatus, which is con-
fined to zone 3 in the Marathon succes-
sion,isthemost characteristic form inboth
areas. The fauna of the Monument Spring
dolomite member, which as discussed
earlier (p. 17) lies within zone3, can be
correlated with the Rich Fountain forma-
tion in the standardLower Ordovician sec-
tion for the United States and with the
middle part of theKindblade formation in
the Arbuckle Mountains.
Raymond's (1914) zones B, C-l, and
C-2 of the Levis shale and Ruedemann's
(1902) zone 1and zone 2, bed 1, of the
Deepkill shale contain many of the same
species as zones4,5,and6of theMarathon
succession. The writer has seen the diag-
nostic forms of Tetragraptus fruticosus
(4-branched and 3-branched varieties) in
collections from the Levis and Deepkill
shales, and thus this species has been col-
lected from all three areas. Zone 1of the
Deepkill section and zone 4 of the Mara-
thon section have 12 species common to
both.Miser and Purdue (1929,p. 27-28)
listed an assemblage of graptolites from
theMazarn shale that are common in zone
4 of the Marathon limestone. This collec-
tion is the oldest obtained from the Ordo-
vician section of the Ouachita Mountains.
Two of the underlying formations, the
CrystalMountain sandstone and theCollier
shale,have arbitrarily been included in the
Ordovician system. The Collier shale has
yielded indeterminate fragments which
maybe graptolites but no age determina-
tion is possible.
Didymograptus protobifidus, the diag-
nostic species in zone 6 in the Marathon
Table 2. Correlation of graptolite-bearing sequences in North America
Stages GRAPTOLITE ZONES MARATHON OUACHITAS ARBUCKLES NEW YORK QUEBECRichmond 15. D. complanatus Polk Creek SylvanFernvale Queenston Oswego
o
MaysvilleEden 14. 0. quadrimucronatus Maravillas Bigfork Lorraine groupUpper UticaViolaTrenton 13. 0. truncatus var.intermedius Loyal CreekNowadaga Canajoharie Magog
v
Wilderness 12. C. bicornis Womble Bromide! Normanskill
o Porterfield 11. N. gracilis Hollow Cr<o Ashby G. teretiusculus I i McLisha Marmor Fort P̂ena
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succession,isknown from the West Spring
Creek formation in the Arbuckle Moun-
tains and from the Smithville limestone of
the standard Lower Ordovician section.
Since D.protobifidus is limited to zone 6,
that zone, the Smithville limestone,and the
West Spring Creek formation are con-
sidered correlatives.
The graptolite assemblage which is
characteristic of zone7 of the Marathon
sequence has been recorded by Raymond
(1914) from zone C-3 of the Levis shale
and by Ruedemann (1902) from zone 2,
bed 2,of theDeepkillshale.The diagnostic
species of zone 7, Didymograptus bifidus,
has been found in all three areas. Further,
eight identical species have been found in
the Deepkill shaleand zone7 of the Mara-
thon limestone, and four species are com-
montoboth zoneC-3 of theLevis shaleand
zone 7 of the Marathon limestone. The
diagnostic species of the zone, Didymo-
graptus bifidus and D. artus, have been
collected from the Joins formation in the
Arbuckle Mountains and from the Black
Rock limestone of the standard Lower
Ordovician section (Ruedemann, 1947,
pp. 326-327). As has been pointed out
above,Cooper (1956) hasplaced the Joins
formation in the earlyMiddle Ordovician.
Therefore,its correlatives, the Black Rock
limestone and zone7of theMarathon lime-
stone, would also be early Middle Ordovi-
cian inage.
Raymond's (1914) zoneD of the Levis
shaleandRuedemann's zone3 of theDeep-
kill shaleeach containtwo species— Tetra-
graptus quadribrachiatus and Trigono-
graptusensiformis— found in zone8 in the
Fort Peiia formation in the Marathon re-
gion. Both of these species range into
zone9 in the Marathon sequence, and, in
addition, threespecies foundonly inzone9
are found in zoneD of the Levis shale and
five species restricted to zone 9 are in
zone 3 of the Deepkill shale. Thus,zone D
of the Levis shale and zone 3 of the Deep-
kill shale are tentatively correlated with
zone9 only,of theMarathon region.Miser
and Purdue (1929) list species of the
genera Didymograptus, Glossograptus,
Glyptograptus, and Isograptus from the
Blakely sandstone,and Ruedemann (1947,
pp. 95-96) listed two faunas from ex-
posures of that formation near Hot
Springs, Arkansas. One list included
Loganograptuslogani,Isograptus caduceus
var. nanus, and Didymograptus euodus.
The presence of /. caduceus in the for-
mation indicates a probable correlation
withzone8 of theMarathon sequence.The
second list included Climacograptus pun-
gens, Glyptograptus dentatus, Glossograp-
tus horridus, and Glossograptus hystrix.
These formsindicate aprobablecorrelation
with zone 9 of the Marathon succession.
Thus the Blakely sandstone is correlated
with the Alsate shale and with most of the
FortPena formation.A few ostracods were
collected from the upper part of the Fort
Pena formation, zone 9. R. W. Harris
(personal communication) identified Lep-
erditella sp.and Paraschmidtella perforata
(Harris) ina collection from this zoneand
stated that they indicate a correlation with
the Oil Creek formation of the Simpson
group in the Arbuckle Mountains. M.E.
Upson, of Gulf Oil Corporation (personal
communication), has identified ostracods
from the upper part of the Fort Pefia for-
mation which are typical of the McLish
formation of the Simpson groupand ostra-
cods from the Woods Hollow shale which
are typicalof the Tulip Creek formationof
the Simpson group. The ostracods typical
of the Tulip Creek formation came from
graptolite zone 11 which is in the Woods
Hollow shale. Thus graptolite zone10 and
possibly part of zone 9 arecorrelatives of
the McLish formation,and at least partof
graptolite zone 11 is a correlative of the
Tulip Creek formation.
Graptolite zones 11 and 12 have a dis-
tinctivefauna that includes several species
in common with the Normanskill shale of
New York and the lower and middle parts
of the Womble shale in the Ouachita
Mountains. Also, Decker (1952) has re-
corded manyoccurrencesof the typicalas-
semblages of zones11and 12 inhis discus-
sionof the "Athens" shale.Ostracods char-
acteristicof the lower part of the Bromide
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formation of theSimpson group in the Ar-
buckle Mountains werecollected from the
middle part of the Woods Hollow shale,
which is in graptolite zone11 (zoneof N.
gracilis). Cooper (1956) correlated the
Bromide formation with the lower and
middle parts of the Womble shale. Since,
using graptolites, the Woods Hollow shale
and the lower and middle parts of the
Womble shale may be correlated, the
Woods Hollow shale, thelower andmiddle
parts of the Womble shale, and the Bro-
mide formationareconsidered correlative.
The writer examinedDecker's collections
from the Bigfork chert and the Viola lime-
stone at Oklahoma University,and Ruede-
mann's collection from the Snake Hill,
Canajoharie, Utica, Deer River, and At-
water Creek shales and from the Lorraine
groupat theNew York State Museum. The
assemblage of large orthograptids which
characterizes graptolite zone 13, the basal
part of the Maravillas chert, is well devel-
oped in the Snake Hill and Canajoharie
shales, in the Nowadaga and Loyal Creek
members of the Utica shale in New York,
and in the Magog shale in Quebec. Also,
the lower part of the Viola limestone and
the upper part of the Womble shale have
several species in common with graptolite
zone 13. Further, the most characteristic
form in zone 13, Orthograptus truncatus
var. intermedius, was identified by the
writer inRuedemann's collections fromthe
Trentonlimestone from TrentonFallsnear
Middleville,New York.King (1937,p.41)
listed a few ostracods collected from rocks
whicharewithin zone13.Ulrich workedon
King's collection and identified six genera
but was able to determine the species of
only one of them. All of the genera arere-
corded from the Bromide formation
(Harris, 1939), but they all apparently
have some range in time since all arealso
found in the Decorah formation (Kay,
1940). The Decorah has been put in the
Trenton stagebyCooper (1956).
Graptolite zone14, the middle part and
some of the upperpartof the Maravillas
chert, the Bigfork chert, and the middle
and upper parts of the Viola limestone
have a few species in common, including
Dicellograptus forchammeri,Orthograptus
truncatus var.recurrens,and Leptograptus
annectans. In New York, the Holland
Patent, Deer River, and Atwater Creek
shales and the Lorraine group have a
few species of graptolites in common.
Thesespeciesinclude Orthograptus quadri-
mucronatus, Orthograptus truncatus var.
recurrens, and Climacograptus typicalis.
The species 0. quadrimucronatus, O.
truncatus var. recurrens, C. typicalis,
and L. annectans are common to both
the New York and Marathon successions,
and zone 14 is considered correlative
with the Holland Patent,Deer River, At-
water Creek, and Lorraine formations in
New York.
The highest 50 feet of the Maravillas
chert, zone 15, the Polk Creek shale in the
Ouachita Mountains,and the Sylvan shale
in the Arbuckle Mountains have nearly
identical graptolite faunas. The species
Dicellograptus complanatus, Diplograptus
crassitestus,and Climacograptus mississip-
piensis are particularly common in all
three formations.
Intercontinental correlation
A complete sequence of graptolite zones
for the Ordovician system hasbeen deline-
ated in the Marathon region,and the cor-
relation of some other graptolite-bearing
rocks in North America with that zonal
sequence has been considered. Complete
sequences of Ordovician graptolite zones
have beenrecognized intwo other areas in
the world. The most famous of these was
worked out in the BritishIslesby Elles and
Wood (1901-1918).Elles (1925) set forth
the important features of theBritish zones
inaconcise manner.Theother complete se-
quence is that inVictoria,Australia,where
T. S. Hall, Harris, Keble, Thomas, and
others have collected graptolites strati-
graphically for over 100 years. Several
zonalschemeshavebeenproposedfor parts
of the Victorian succession (Hall, 1899b,
and Harris and Keble, 1932), but Harris
and Thomas (1938b) have published the
most recent discussion of the Australian
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zones, and their work embraces all of the
Ordovician system.
Table 3 shows an attempt at correlation
between the Marathon, Victorian, and
British graptolite zones for the Ordovi-
cian system. The correlation of the stages
and series of the Ordovician system in
each area follows from the correlation of
the graptolite zones. The Victorian and
Marathon sequences are quite similar
throughout,but the Britishsequence in the
Early and early Middle Ordovician is dis-
similar.
The lowest beds in the Ordovician sys-
Table 3. Correlation of Ordovician sequences in the United States (Marathon area), Australia (Vic-toria),andtheBritishIsles basedongraptolite zones
UNITEDSTATES AUSTRALIA BRITISHISLES
Zone Zone Zone
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teminVictoria, theLancefield series,have
been subdivided into three zones. Thelow-
est zone ismarked by the appearance of
Staurograptus with two provincial species
of Dictyonema. The lowest zone in the
Marathon succession is characterized by
the genus Anisograptus, but the fauna
includes Staurograptus, which is restricted
to thelowest zone.
Zone 2 in the Marathon succession and
the second zone in the Lancefield series
contain several identical species including.




The third zonein the Marathon succes-
sion and the third zone of the Lancefield
series also contain many identical species.
The most diagnostic species of both zones




The appearanceof T. approximatus and
its associatesmarks thebeginning of rapid
speciation within the generaDidymograp-
tus and Tetragraptus. This speciation
reaches its full development in the overly-
ing strata. The complex composed of spe-
cies of these two genera has been sub-
divided into three zones in the Marathon
regionand six zones inVictoria.The rocks
which are included in these six zones in
Australia aremuch thicker than the rocks
whichcomprise thecorrespondingzonesin
theMarathon region.In the Victorian suc-
cession, thecomplex of Tetragrapti andex-
tensiform Didymograpti is found in the
Bendigo and most of the Chewton series.
Thecomplexhas been divided as follows:
Bendigoseries:basal zonecharacterized
by T. approximatus with T. fruticosus
(four-branched) ;second zone denoted by
T. fruticosus (four-branched) without
either T. approximatus or T. fruticosus
(three-branched); third zone marked by
the appearance of T. fruticosus (three-
branched) with T. fruticosus (four-
branched) ; fourth zone typified by T.
fruticosus (three-branched) without T.
fruticosus (four-branched).
Chewton series: lowest zonemarked by
the appearance of the dependent didymo-
graptidD.protobifidus with T. fruticosus
(three-branched);second zone character-
ized by D.protobifidus with T. fruticosus
(three-branched) being rare.
The three zones in the Marathon region
which encompass the complex of Tetra-
grapti andextensiformDidymograptihave
been delimited as follows:zone4is charac-
terized by the appearance of T. fruticosus
(four-branched) without either T. ap-
proximatus or T. fruticosus (three-
branched); zone5 is marked by T. fruti-
cosus (three-branched) appearing with T.
fruticosus (four-branched) ; and zone 6
is marked by the appearance of D. proto-
bifidus with both the three- and four-
branched forms of T. fruticosus. Thus the
same theme of appearanceof T. fruticosus
(four-branched),thenT.fruticosus (three-
branched),thenD.protobifidus obtains in
both the Victorian and Marathon se-
quences.
Zone4 of theMarathon sequenceis con-
sideredcorrelative with thelower twozones
of the Bendigo series. Although the lowest
zoneof the series includes T.approximatus,
the presence of T. fruticosus (four-
branched) with several other species of
Tetragraptiand Didymograpti in the same
zone in Victoria makes the correlation of
this zone with Marathon zone 4 more
plausible than correlatingit withMarathon
zone3. Zone 5 of the Marathon sequence
and the third zone of the Bendigo series
are characterized by the same forms (the
three- and four-branched forms of T.
fruticosus together) andtheycontainmany
identical species. The correlation of the
highest zoneof the Bendigo serieswith the
Marathon zonal scheme is difficult,because
the four-branched form of T. fruticosus
ranges into the zone withD.protobifidus
inMarathon but does not range above the
thirdzoneof theBendigoseries inVictoria.
Thefourth andhighestzoneof theBendigo
series doeshave a number of speciesidenti-
cal to those found inboth zones 5 and6 in
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the Marathon succession, and the writer
arbitrarily correlates the lower part of it
with Marathon zone5 and the upper part
with Marathon zone6. The lowest zoneof
the Chewton series and Marathon zone 6
aremarked by the appearance of D.proto-
bifidus, and they containseveral identical
species. The second zone in the Chewton
series, characterized by D. protobifidus
with T. fruticosus (three-branched) rare,
is also correlated withzone 6. Thus Mara-
thon zone6 is believed to beequivalent to
part of the highest zone of the Bendigo
series and the lower two zones of the
Chewton series.
Zone 7 of the Marathon sequence is
characterized by the dependent didyino-
graptids D. artus and D. bifidus, which
give an important tie with the British
zones (see p.43). The fauna of the high-
est zone of the Chewton series is poorly
known and maybe thecorrelative of zone
7, since it lies above the zone with D.
protobifidus and below the zone with Iso-
graptus caduceus var. lunata in the Vic-
torian succession. These two forms occur
respectively below and above D. bifidus
in theMarathon sequence.
The Castlemaine series in Victoria has
been divided into three zonesbased on the
appearance in succession of varieties of
Isograptus caduceus. The succession is,
in order of appearance, /. caduceus var.
lunata, I. caduceus var. victoriae, and /.
caduceus var. maxima. The succeeding
series, the Yapeen, has been divided into
two zones, the lower of which is the zone
of Oncograptus and the upper is the zone
of Cardiograptus. I.caduceus var. lunata
appears first in the Marathon region,but
the other varieties of /. caduceus and the
genera Oncograptus and Cardiograptus
occur together; and, in fact, /. caduceus
var. victoriae, Oncograptus upsilon, and
Cardiograptus morsus have been found
together on the same bedding plane.
Further, Trigonograptus ensiformis and
Didymograptus v-deflexus occur with
Oncograptus and Cardiograptus in both
the Victorian and Marathon sequences.
Thuszone8 in the Marathon region, which
includes Oncograptus, Cardiograptus, and
the several varieties of /.caduceus, is cor-
related with both the Castlemaine and
Yapeen series in Victoria.
The Middle Ordovician, as recognized
inVictoria,includes four zones,whilerocks
containing the same species in the Mara-
thon regionhave been found divisible into
onlytwozones.Allof the important species
of the lower two zonesand thelower part
of the third zoneof the Middle Ordovician
of Victoria were found in zone 9 in the
Marathon sequence. Harris (1935) listed
the characteristic assemblages of grapto-
lites ineach zone of the Victorian Middle
Ordovician,and by comparing these lists
to thelist of the fauna from zone9, it will
benoted that Glyptograptusaustrodentatus
and 7.caduceus var. divergens,character-
istic of the lowest zone of the Victorian
Middle Ordovician; Glyptograptus inter-
situs,Hallograptusetheridgei,Cryptograp-
tus schaferi, and Glossograptusacanthus,
characteristic of the second zone of the
Victorian Middle Ordovician; and Didy-
mograptusnodosus, Hallograptus etherid-
gei, and Didymograptus cuspidatus, char-
acteristic of the lower part of the third
zone of the Victorian Middle Ordovician,
are all found in zone 9. The diagnostic
species in the upper part of the third zone
of the Victorian Middle Ordovician (Am-
plexograptus confertus, A. differtus, and
Phyllograptus nobilis) and diagnostic
species of the fourth and highest zoneof
the Victorian Middle Ordovician {Glypto-
graptus teretiusculus and Climacograptus
riddellensis)comprise the faunaof zone10
in the Marathon sequence.
The fauna of the Upper Ordovician in
Victoriahas not been worked out in detail
stratigraphically, nor fully described.
Thomas and Keble (1933) published lists
of graptolites collected fromvarious Upper
Ordovician localities, but only recently
(Harris and Thomas, 1955) has any sys-
tematicpaleontologybeen done on theLate
Ordovician faunas. Harris and Thomas
(1938b) gave a brief list of thediagnostic
speciesof each zone.Threeseries weredis-
tinguished in the Victorian Upper Ordo-
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vician. In ascending order they are Gis-
bornian, Eastonian, and Bolindian. Two
zones were recognized in the Gisbornian
series; the lower is the zone of Nema-
graptus gracilis and the upper is the zone
of Climacograptuspeltifer. Zones 11 (zone
of N. gracilis) and 12 (zone of Climaco-
graptusbicornis)intheMarathon sequence
contain manyof thesamespecies as arere-
ported in the two zones in the Gisbornian.
Two zones were also recognized in the
Eastonian series.The lower zone includes
the species Dicranograptus nicholsoni and
Orthograptus truncatus,both of which are
common in zone 13 of the Marathon se-
quence. Zone 14 in the Marathon region
includes elements of both the upper zone
of the Eastonian series (Climacograptus
tubuliferus,C. minimus,Orthograptus cal-
caratus var. vulgatus) and of the lower
zoneof the Bolindian series (Orthograptus
quadrimucronatus and Dicellograptus for-
chammeri).The highest zoneof theMara-
thon sequence, zone 15, and the highest
zoneof the Bolindian seriesarecharacter-
izedby Dicellograptuscomplanatus and D.
complanatus var.ornatus.
Thus the Victorian and Marathon zonal
sequences arequitesimilar for allof Ordo-
viciantime.However,thelower andmiddle
partsof the Britishsequencearerather dis-
similar to the lower and middleparts of the
Marathon and Victorian sequences, and
correlation between the areas is far more
difficult.
The lower zoneof the Tremadoc series,
the lowest zone in the British succession,
is denoted by varieties of the species
Dictyonema flabelliforme,but these forms
do not occur in either North America or
Australia. However, Bulman (1954) in a
study of the Dictyonema shales (lower
Tremadoc) of the Oslo region, Norway,
pointedout the possibility that theMatane
shale in Quebec, which is a correlative of
the lowest zone in the Marathon sequence,
maybe lower Tremadoc inage. The genus
Anisograptus, which is diagnostic of zone
1intheMarathon region, was foundin the
Oslo region with the varieties of Dictyo-
nema flabelliforme which characterize the
lower Tremadoc. The lowest zones of the
Victorian andMarathon areas arecorrela-
tives,andbothareprobable correlatives of
the lower zone in the Tremadoc series in
theBritish Isles.
The rocks comprising the upper part of
the Tremadoc series and the basal partof
theArenigseries donot containgraptolites
in the typelocalities of these series. How-
ever, Elles (in Elles and Wood, 1901—
1918) suggesteda second zone at the topof
the Tremadoc and a third zone at the base
of the Arenig.
Asrecognizedby Elles, the second zone
of theBritish sequence is characterized by
the appearanceof Clonograptus andspecies
now placed in the genus Adelograptus.
These two genera are diagnostic of the
second zone of both the Victorian and
Marathon sequences. Although the genera
are the same inboth the British andMara-
thon-Victorian sequences,only one species,
Clonograptus tenellus var.callavei,is found
tobe commonto theBritish and the Mara-
thon zonal assemblages. The writer con-
siders the second zone in all three se-
quences tobe correlative.
According to Elles (1922), the third
British zone, the lowest of the Arenig se-
ries, is characterized by the multiramous
dichograptids Clonograptus flexilis and
Dichograptus octobrachiatus in the lower
part and by the incursion of tetragraptids
in the upper part. However, recent work
has ledBulman (1958,p.164) tostate that
there is no stratigraphic evidence for the
existenceof this zone.
The complex of tetragraptids and ex-
tensiformdidymograptids, socharacteristic
of zones4,5,and 6 in theMarathon region
and of the Bendigo and part of the Chew-
ton series inVictoria, is also found in the
British Isles. Ithas been divided into two
main zones (zones of Didymograptus ex-
tensus and D. hirundo) (Elles and Wood,
1901-1918), and Elles (1933) subdivided
the D. extensus zone into four subzones.
Detailed correlation between the subzones
and the Marathon and Victorian zones is
tenuous, however. Didymograptus proto-
bifidus appears first in the British succes-
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sion in the third subzone, that of Didymo-
graptus nitidus,and it appearsin zone 6
of the Marathon sequenceand in thelowest
zoneof theChewton seriesinVictoria. The
presence of this early dependent didymo-
graptid indicates the possibility that the
lower two subzones of theD.extensus zone
maybe correlative with theBendigoseries
in Victoria and with zones 4 and 5 in the
Marathon region. Zone 6 inMarathon and
the lower two zones of the Chewton series
in Victoria both are typified by D.proto-
bifidus and include D. protobifidus— D.
bifidus transients.The thirdsubzone of the
D. extensus zonecontains D.protobifidus,
and thehighest subzoneand the succeeding
zone,that of D.hirundo,bothhave D.pro-
tobifidus— D.bifidus transients.Thus zone
6 in the Marathon region, the lowest two
zones of the Chewton series,and the upper
two subzones of the D. extensus zone plus
the D.hirundo zoneare probable correla-
tives.
The two species which arediagnostic of
zone7 in theMarathon sequence,Didymo-
graptus artus and D. bifidus, arealso the
diagnostic species of the sixth zone, the
basal zone of the Llanvirn series, in the
British Isles. The occurrence of these two
important species as zonal indicators in
both the British and Marathon successions
affords a good tiepoint between these two
otherwise dissimilar zonal subdivisions of
the lower and middle parts of the Ordo-
vician system. The highest zone of the
Chewton series is correlated withzone 7in
theMarathon region andis thus aprobable
correlative of the sixth zone in the British
Isles.
The highest subzone of the D.extensus
zoneof theBritish succession includes Iso-
graptus, Oncograptus (Cummins, 1954),
Glyptograptus dentatus, and Trigonograp-
tus ensiformis with the complex of tetra-
graptids and extensiform didymograptids
and the D. protobifidus— D.bifidus tran-
sients. The writerconsiders the appearance
of the dependent didymograptids with the
extensiformtypes and with the tetragrap-
tids and the subsequent appearance of D.
bifidus and D.artus tobe more important
for correlation than the presence of Iso-
graptus,Oncograptus, Glyptograptus, etc.,
which appear in zone 8 in the Marathon
region and in the Castlemaine and Yapeen
series inAustralia. Contrary to theopinion
of others (Ripper, 1937; Harris and
Thomas, 1938b), the writer believes that
the Isograptus, Oncograptus, and biserial
scandent forms appear inolder beds in the
British sequence than they do in the Vic-
torianand Marathon. These forms areless
commonin theBritish sequence than they
are in either the Marathon or Victorian
andappeared inBritian first, theninNorth
America and Australia.
The seventh zoneof the Britishsequence,
the upper of the Llanvirn series, has few
elements in common with the Marathon
and Victorian successions. However, the
eighth zone, that of the Llandeilo series, is
characterized by the presence of Glypto-
graptus teretiusculus inabundance,and the
same criterion is used to delimit zone 10
of the Marathon sequence and the upper-
most zoneof theMiddle Ordovician inVic-
toria.Zone 7, the upper zoneof the Llan-
virn series, is correlated with zones 8 and
9 in the Marathon sequence and with the
Castlemaine and Yapeen series and the
lower three zonesof theMiddle Ordovician
in Victoria because of its stratigraphic
position.
With the incursion of G. teretiusculus in
abundance in all three zonal successions,
similar assemblages appear in the same se-
quence in all three areas during the re-
mainder of Ordovician time. Harris and
Thomas (1938b) used the samezonenames
as the British (with the exception of that
of Dicellograptus anceps, the fauna of
which,they stated, is included in the zone
of Dicellograptus complanatus),and they
indicated that the fauna of each zone is
quite similar to that of theBritish zones.
Nemagraptus gracilis and its associates
mark zone11 in theMarathon region, the
basal zoneof theGisbornian series inAus-
tralia, and the basal zoneof the Caradoc
series in the British Isles. Zone 12 in the
Marathon region, the upper zone of the
Gisbornian series inVictoria,and the tenth
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zone in the British succession have many
species in common and are characterized
by the incursionof large Orthograpti, the
presence of Climacograptus bicornis and
its varietypeltifer, and the absence of the
Nemagrapti. The appearance of several
species of large orthograptids marks zone
13 in theMarathon region, the lower zone
of theEastonian seriesin Victoria,and the
eleventh zone of the Britishsequence.The
form Orthograptus truncatus var. inter-
medius is common inbothMarathon zone
13 and the eleventh British zone. Zone 14
in the Marathon succession contains ele-
ments of both zones12 (zoneof Dicrano-
graptusclingani) and 13 (zone of Pleuro-
graptus linear is) of the British sequence
and is probably correlative with both, but
no subdivision is feasible in the Marathon
region.ThespeciesOrthograptus truncatus
and Orthograptus calcaratus, which occur
in zone 14, are diagnostic of the zone of
D. clingani, and Orthograptus quadrimu-
cronatus, which is common in zone 14, is
diagnostic of the zone of Pleurograptus
linearis intheBritishIsles. Theupperzone
of theEastonian series inVictoria contains
the same characteristic species as zone12
(the zone of D. clingani) in the British
Isles, and the lower zone of the Bolindian
serieshasO.quadrimucronatus andP.line-
aris, which are distinctive of zone 13 in
the British Isles.
The forms Dicellograptus complanatus
and D.complanatus var.ornatus arechar-
acteristic of the uppermost zone of the
Marathon sequence, zone15,andarefound
in theupperzoneof theBolindian series in
Australia. In the British Isles, D. com-
planatus is the diagnostic element of zone
14, thelower zoneof the Ashgill series,and
the variety ornatus occurs with D.anceps
in zone 15. Elles (1937, pp. 488-489)
stated that the zone of D. complanatus is
conditional and omitted it fromher charts
of the zones.Zone 15 of the Marathon se-
quence includes species (Orthograptus
truncatus var. abbreviatus? and Dicello-
graptus complanatus var. ornatus, etc.)
found in the D.anceps zone in the British
Isles, and hence it is correlated with the
Ashgillseries there.
Thus the Marathon and Victorian zonal
sequencesarequite similar throughoutbut
are dissimilar to the British sequenceuntil
the Llandeilo. From then on, the zonal as-
semblages in all three areas are similar.
North America and Australia belongedto
onegraptolite faunalregionand theBritish
Isles were a part of another during pre-
Llandeilo time.From that timethroughont
theremainder of theOrdovician,graptolite
speciesoccurred in similar assemblages in
the samesequencein all three areas.
Systematic paleontology
The writer has followed Bulman's
(1955) taxonomic subdivisions as pub-
lished in the section on Graptolithina in
the Treatise onInvertebrate Paleontology.
Reference ismade to the Elles and Wood
(1901-1918) and Ruedemann (1904,
1908, and 1947) monographic works on
the Graptolithina and to the more readily
accessible Australian publications for de-
tailed descriptions of the species and sub-
species. Differences between the Texas
specimens and the published descriptions
arenoted,and the geographicand geologic
range of each species and subspecies is
given.
Class Graptolithina Bronn, 1846
Order Dendroidea Nicholson, 1872
RoemerFamily Dendrograptidae
(in Freeh, 1897)
Genus DICTYONEMA Hall, 1851
DICTYONEMA DUMOSUS Berry, n. sp.
PL7, fig. 10
Description.— Therhabdosomeisbroadly
conical and medium-sized, measuring 1.7
cm in length and 2.5 cm in width. The
stipes are wavy, are 0.2 to 0.3 mm in
width,number 15 to 16 in 10 mm in the
mature portionof the rhabdosome,and di-
vide frequently at first but subsequent di-
visions are spaced farther and farther
apart. The stipes divide at acute angles
(20 to 30 degrees) but become sub-
parallel immediately. The space between
thestipes is 1mm in themature portion of
the rhabdosome. Dissepiments are infre-
quentandareas thick as thestipes. The dis-
sepiments usually occur between stipes
when thebulgeor waveinone stipenearly
touches a similar bulge in the stipe next to
it. The thecae are indistinct but the auto-
thecae appear to number 14 to 16 in 10
mm, and in flattened profile view maybe
seen alternating onbothsides of thestipes,
givingthem wrinkled outeredges.
Horizon.— The specimens of this species
werecollected fromonelocality (collection
101) which is in zone 4 in the upperpart
of theMarathon limestone.
Holotype.— Yale Peabody Museum No.
20251.
Bulman, 1950Family Anisograptidae
Genus ANISOGRAPTUS Ruedemann, 1937
ANISOGRAPTUSDISSOLUTUS Berry, n. sp.
PI.4, figs. 5,6
Description.— The rhabdosome is tri-
radiate and horizontal, with somewhat
flowing branches which bifurcate at in-
creasing intervals. The three first-order
branches are 2.0 to 2.8 mmin length, and
commonly one is longer than theother two.
Bifurcations occur at intervals of 2.0 to2.8
mm, 3.0 to 4.0mm, and 4.5 to 5mmup to
the fourth order, above which,branching
is irregular and does not occur in some
stipes. The first-order stipes are 0.3 mm
wide, while the fifth and sixthorder stipes
are 0.6 to 0.7 mm in width. The thecae
number 11 to 12 in10 mm.Theautothecae
have a nearly straight ventral margin, a
slightly concave apertural margin, and
overlapabout one-half their length.
This speciesresembles A.flexuosus inits
lax shape and the tangle formed by the
distalbranches.Itdiffers fromthat form in
the branching, the number of thecae per
10 mm, and the lack of denticles on the
autothecae.
Horizon.— Specimens of this species
were collected from the lower part of the
Marathon limestone, zone 1 (collection
84A).
Holotype.— Yale PeabodyMuseum No.
20255.
Genus ADELOGRAPTUS Bulman, 1941
ADELOGRAPTUS HUTVNEBERGENSIS (Moberg) ?
PL 5, figs. 2, 8
Remarks.— The Texas specimens are
poorly preserved and are small. However,
they agree with the specific description
given by Moberg (1892) and the more
complete discussion byStubblefield (1929)
in the followingcharacteristics:the length
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of the sicula (1.0 mm), the angle of the
divergence of the primary stipes (130 to
140degrees), the dichotomy just past the
opening of the third theca, the number of
the thecae per10 mm (8 to 9 in 10 mm),
and the concave apertural margins of the
thecae. The thecal overlap of the Texas
specimens is about one-third their length,
while in the type materialthe thecae over-
lap one-half their length.Also,theprimary
stipes inthe Texas specimensare 0.5 to 0.7
mmin width, while the samestipes are0.8
mmin width in Stubblefield's picture.Be-
cause of the smaller size and thepoorpre-
servationof the Texas material, they are
only tentatively referred to A. hunneberg-
ensis.
Horizon.— The specimens provisionally
referred to thisspecies were collected from
low in zone 2 (collections11 and 59) in
the lower part of the Marathon limestone.
Stubblefield records A. hunnebergensis
from the Shineton shales (Tremadoc in
age) inShropshire. Mobergoriginally de-
scribed the speciesfromrocks of Tremadoc
age in Sweden.
ADELOGRAPTUS PUSILLUS (Ruedemann)
Bryograptus pusillus Ruedemann, 1904, N. Y.
StateMus., Mem. 7,pp. 641, 642, pi. 4, figs. 21,
22.
Bryograptus pusillus Ruedemann, 1947, Geol.
Soc. AmericaMem. 19, p. 299, pi.49, figs. 3, 4
(not figs. 5, 6).
Remarks. — Bulman (1941) removed
pendent multiramous dichograptids with
twoprimary stipes from the genus Bryo-
graptus and placed them in the genus
Adelograptus. Two primary stipes origi-
nate from the sicula in the speciespusillus
and hence it belongs in the genus Adelo-
graptus.The Texasspecimensagreeclosely
withRuedemann's originalspecific descrip-
tion. The forms from the Glenogle shale
figured by Ruedemann (1947) as Bryo-
graptuspusillus (PI.49, figs. 5, 6) appear
to the writer to belong to the genus Ptero-
graptus.
Horizon.— A.pusillus wasobtained from
zone 4 in the upper part of the Marathon
limestone (collection 71). Ruedemann
(1947) reports the species from bed 2 of
the Tetragraptus zoneof the Deepkillshale
inNew York.
ADELOGRAPTUS SIMPLEX (Tornquist)
Bryograptus simplex Tornquist, 1904, Lunds
Univ. Arsskrift, Bd. 40, Afdeln 1, no. 2, pp.
3-4, pi. 1, figs. 1-4.
Bryograptus simplex Benson and Keble, 1935,
Royal Soc. New Zealand, Trans., vol. 65, p.
270, pi. 30, figs. 12, 13.
Adelograptus simplex Bulman, 1941, Ann.Mag.
Nat. Hist., ser. 11, vol. 7, p. 115.
Remarks.— The Texas specimens agree
inall essential characters with Tornquist's
description except that the inclination of
the thecae is slightly less than in the type
material and as a consequence, the stipes
arenot quite so wide. Many of the Texas
forms are immature.
Horizon.— Specimens of this species
were collected from the lower part of the
Marathon limestone,zone 2 (collections33,
37, and 72E). Tornquist's type material
came from the lower Phyllograptus shales
(zoneof Tetragraptusphyllograptoides) in
Sweden. Benson and Keble (1935) state
that inNew Zealand, the speciesoccurs oc-
casionally in the lowest zoneof theBendigo
seriesbut ismore commonin the zonesbe-
low, the upper two zonesof the Lancefield
series.Harris and Thomas (1938b) figure
A.simplex as common in the second zone
of the Lancefield series of Victoria, Aus-
tralia. The species occurs with the same
associates {A. victoriae, Tetragraptus de-
cipiens, and Clonograptus flexilis) in the
Lancefield series and zone 2 in the Mara-
thonsequence.
ADELOGRAPTUS VICTORIAE (T. S. Hall)
Bryograptus victoriae T. S. Hall, 1898, Royal
Soc. Victoria,Proc, vol.11, p. 165, pi.17, figs.
1, 2.
Adelograptus victoriae Bulman, 1941, Ann. Mag.
Nat.Hist., ser. 11, vol. 7, p. 115.
Remarks.— The Texas specimens agree
closely withHall's specific description.
Horizon.— Specimens of A. victoriae
were collected from the lower part of the
Marathon limestone (collections 33, 43,
72E, 74, and 89), where it is a charac-
teristic element of the fauna of zone 2.
Harrisand Keble (1932) list thespeciesas
a common form of the second zone in the
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Lancefield series of the Lower Ordovician
of Victoria, Australia. A. victoriae occurs
with the same associates (Clonograptus
rigidus, Adelograptus simplex, and Tetra-
graptus dedpiens) in both the Victorian
and Marathon sequences.
Genus BRYOGRAPTUS Lapworth,1880
BRYOGRAPTUS CRASSUS Harris and Thomas?
PI. 5, fig. 9
Remarks.— The Texas specimens are
poorly preservedbut three primary stipes
appear to be present, thus indicating the
generic affinities are with Bryograptus
rather than Adelograptus. No more than
four secondary stipes were seen inany of
the Texas material, while Harris and
Thomas (1938a, pp. 72-73, pi. 1, figs.
7a-d, pi.4, fig. 6) figure forms with four
to sixsecondarystipes.Harris andThomas
mention two primarystipes only,but three
primary stipes appear to be presentin the
Texas specimens. However, the Texas spe-
cimens agree with Harris and Thomas'
specific description in the width of the
stipes, in the angle of divergence of the
stipes, and in the manner in which the
stipes branch.
Horizon.— The specimens tentatively re-
ferred to B. crassus were collected from
the lower part of the Marathon limestone,
zone 2 (collections 33 and 37). The type
specimens of B. crassus came from the
basal zone of the Bendigo series in Vic-
toria, Australia; the Texas forms occur at
a lowerhorizon than do the Australian.
Genus CLONOGRAPTUS Hall and Nicholson, 1873
CLONOGRAPTUS FLEXILIS (Hall)
PI.6, fig.4
Graptolithus flexilis Hall, 1858, Geol. Survey
Canada, Rept. Prog, for 1857, pp. 119, 145.
Clonograptus flexilis T. S. Hall,1899, Royal Soc.Victoria, Proc. (n.s.), vol. 11, p. 169, pi. 19,
fig. 20.
Clonograptus flexilis Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 280-281, pi. 44,
figs. 4-9.
Remarks.— The measurements of the
Texas specimensagree with those givenby
Ruedemann, exceptthat the funicle length
of the Texas forms is slightly less (2.0
mmcompared to 2.5 mm in the type ma-
terial).
Horizon.— Specimens of C. flexilis were
collected from zones 2, 3, and 4 in the
lower and middle parts of the Marathon
limestone (collections2,11,33,69, 76, and
978).Thespecies was described by J.Hall
from the Levis shale in Quebec, and Ray-
mond (1914) found it therein association
with C. rigidus and Tetragraptus approxi-
matus and placed the assemblage in his
lowest zone, zone A. This assemblage is
identical to that of zone3 inthe Marathon
succession. Harris and Thomas (1938b)
recordC. flexilisfrom the lower two zones
of the Lancefield series in Victoria, Aus-
tralia, where it occurs with the same as-
sociates as it does in zones 2 and 3 of the
Marathon sequence.
CLONOGRAPTUS PERSISTENS Harris and Thomas
PI. 5, fig. 11
Clonograptus persistens Harris and Thomas,
1939,Mm. and Geol.Jour.,vol.2,p. 59, fig.11.
Original diagnosis.— Rhabdosome of
typical clonograptid aspect, up to 14 cm
in diameter, the longest stipes measured,
usually those producedby the last dichot-
omy, being 3.5 cm long. Funicle 4 mm in
length. Stipes up to the fifth or seventh
order are found, all the stipes being of
approximately the same width— about 1.5
mm.Thecae 9 to 10 in10 mm, inclined at
25 to 45 degrees,with convex ventralmar-
gins, overlapping for half their length.
Remarks.— The Texas specimens agree
with the above description except that the
fourth order stipesareslightly longer than
those shown in the figureof the Australian
specimen.
Horizon.— C.persistens was found to be
a commonelement of zone 2, in the lower
partof theMarathon limestone (collections
12 and 33).Harris and Thomas state that
their type specimen came from the lowest
zone of the Bendigo series in Victoria,
Australia. The species occurs there at a
slightly youngerhorizon than it does in the
Marathon region.
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CLONOGRAPTUS RIGIDUS (Hall)
PI. 5, fig.10;PI. 7, fig.15
Graptolithus rigidus Hall, 1858, Canadian Nat.Geol., vol. 3, p. 146.
Clonograptus rigidus T.S. Hall,1899,Royal Soc.
Victoria, Proc. (n.s.), vol. 11, p. 170, pi. 18,
fig. 22, pi. 19, fig. 21.
Clonograptus rigidus Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 281-282, pi. 44,
figs. 10, 11.
Remarks.— The Texas specimens agree
well with the description by Ruedemann.
The stipes are rigid and definitely thicker
than those of C. flexilis, which is quite
like C. rigidus in other respects. In C.
rigidus the funicle and second order stipes
measure1 to 2 mm in width, whereas in
C. flexilis the same stipesmeasure but 0.4
mm in width.
Horizon.— C. rigidus wascollected from
zones 2 and 3, thelower and middle parts
of theMarathon limestone (collections11,
76, and 84).Raymond (1914) records the
species from zoneA of the Levis shalewith
C. flexilis and T.approximatus (anidenti-
cal assemblage to that of zone 3 of the
Marathon sequence).Harris and Thomas
(1938b) report thespecies from theupper
two zones of the Lancefield series in Vic-
toria,Australia,with the sameassociates as
in North America.
CLONOGRAPTUS of.C. TENELLUS (Linnarson)
PI. 4, figs. 1-3
Remarks.— The Texas specimens re-
semble C. tenellus in the extreme tenuity
of the stipes and in general shape of the
rhabdosome. However, the funicle length
(1.5 mm) is less than that of Linnarson's
types (Linnarson, 1871, Ofv. Kongl. Vet.
Akad. Forh. Stockholm, vol. 28, p. 795,
taf.16, figs. 13-15).Also,the second order
stipesare 2.0 to2.2 mmin length whereas
the same stipes of the type material are
3.8 to4.0 mmin length. Only a few thecae
of the Texas specimens are well preserved
and theynumber 8 to 9 in 10mmwhereas
thoseof the typenumber 9 to10 in10mm.
Inshape of the thecae,the Texasspecimens
agree with the description of the typema-
terial. They are slender tubes, widening
slightly toward their apertures, are in-
clined at20 degrees to the stipe,and over-
lap for a small portion of their length.
Horizon.— The specimens tentatively re-
ferred to this species were collected from
the lowest beds of the Marathon limestone,
zone 1(collections 728 and 119), where
they are associated with anisograptids.
Elles and Wood report the species C. tenel-
lus is in the Tremadoc beds and thelower
part of the Skiddaw slates in the British
Isles.
CLONOGRAPTUS TENELLUS var. CAIXAVEI
(Lapworth)
FBryograptus callavei Lapworth, 1880,Ann.
Mag.Nat. Hist.,vol. 5, p. 165, pi. 5, fig. 21.
Clonograptus tenellus var. callavei Elles and
Wood,1902, Mon.British Grapt., p. 84, pi.11,
figs. 3a-c.
Remarks.— The Texasspecimens have a
well-developed web structure around the
first and second order stipes, otherwise
they agreewith Elles and Wood's descrip-
tion. The variety is characterized by its
short, wide stipes, which are much wider
thaninthe typical C. tenellus.
Horizon.— A few specimens of this va-
riety were collected from low in zone 2
(collection 84), in the lower part of the
Marathon limestone. Elles and Wood re-
cord this variety from the Tremadoc,
Shineton shales.
Genus TRIOGRAPTUS Monsen, 1925
TRIOGRAPTUScf. T.OTAGOENSISBenson andKeble
PL 4, fig. 7
Remarks.— The Texas specimens are
poorly preserved and the details of the
thecae cannotbeclearly seen.However, the
specimens agreewith the description of T.
otagoensis byBensonandKeble (1935,pp.
279-280, pi. 31, figs. 11-13) in having
three straightstipes which enclosean angle
of about 120 degreesand whichrapidly at-
tain a width of 0.5 to 0.7 mm and then
maintain that width. Also, the thecae over-
lap about one-half their lengthand are in-
clined at a low angle (10 to 15 degrees)
to the stipe. Further thecal details are ob-
scure in the Texas specimens. In none of
them do the stipes measure more than 5
mm, whereas Benson and Keble state that
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in some of their forms the stipes attain a
lengthof 20mm.Although the Texasspeci-
mens arelike T.otagoensis ingross aspect,
theyare referred to that species only tenta-
tively because many details are obscured
by the poorpreservation.
Horizon.— The specimens referred to T.
otagoensis were collected from the lower
part of the Marathon limestone, zones 1
(collection 29) and 2 (collections 72D
and 84). Benson and Keble record the
species from New Zealand with an assem-






Ptilograptus plumosus Hall, 1865, Canadian Or-
ganic Remains, p. 140, pi. 21, figs. 1-4.
Ptilograptus plumosus Ruedemann, 1947, Geol.
Soc. AmericaMem.19,p. 247,pi. 33, figs. 1-8.
Remarks.— The Texas specimens agree
well with the specific description byRue-
demann.
Horizon.— Specimens of P. plumosus
were collected from zone 4 of the upper
part of the Marathon limestone (collection
121) and zone 9, the upper part of the
Fort Pena formation (collection 28).
Hall's types came from the Levis shale at
PointLevis,Quebec,and Raymond (1914)
lists it inhis zone C-l, the lowestDidymo-
graptus zone of the Levis shale. Ruede-
mann records the species from graptolite
bed 7, zone of Diplograptus dentatus, of
the Deepkill shale in New York. The spe-
cies appears to have as long a range in
eastern North America as it does in the
Marathon region.
Order Graptoloidea Lapworth, 1875
Family Dichograptidae Lapworth, 1873
Section GONIOGRAPTI
Genus GONIOGRAPTUS McCoy, 1876
GONIOGRAPTUSPERFLEXILIS Ruedemann
Goniograptus perfiexilis Ruedemann, 1904, New
York StateMus. Mem.7, pp.625-627, textfigs.
39a-d, pi. 6, figs. 16-18, pi. 7, figs. 1-4, 6-9.
Goniograptus perfiexilis Ruedemann,1947, Geol.
Soc. America Mem. 19, p. 297, pi. 48, figs.
10-15.
Remarks.— The Texas specimens agree
well with Ruedemann's specific descrip-
tion.
Horizon.— A few specimens of G. per-
flexilis were collected from one locality
(collection47) which is inthehighestbeds
of theMarathon limestone, zone 7.Ruede-
mannrecords the speciesas commonin the
upper part of the Tetragraptus horizon
(graptolite zone1) and as rare in thenext
higher horizon (zone of Didymograptus
bifidus) of the Deepkill shale in New
York.Raymond (1914) lists it from zones
C-3 and D (zones of D.bifidus and Diplo-




Didymograptus (Goniograptus) thureaui McCoy,
1876, Ann. Mag. Nat. Hist., ser. 4, vol. 18, pp.
128-130.
Goniograptus thureaui Ruedemann, 1904, New
YorkStateMus. Mem.7, pp.621-624, text figs.
37, 38, pi. 6, figs. 1-15.
Goniograptus thureaui var. postremus Ruede-
mann, 1947, Geol.Soc. America Mem.19, pp.
295-296, pi. 48, figs. 2-9.
Remarks.— The Texas specimens agree
fully with McCoy's specific description.
The maximum number of stipes observed
was 24, but some of the Australian forms
have as many as 40. Ruedemann (1947)
gave the varietal name postremus to forms
withfew stipes;however,McCoy's descrip-
tion doesnot set a limit on the number of
stipes a form must have to be included in
thespecies G. thureaui,and the Australian
workers include forms with a few as well
as many stipes in this species. Therefore,
the writer includes Ruedemann's variety
postremus with the typical form of the
species.
Horizon.— A few specimens of G.
thureaui were collected from one locality
(collection 25) which is in the upper part
of theMarathon limestone,zone6.McCoy's
types came from the Bendigoseries inVic-
toria, Australia.Harris and Keble (1932)
record thespecies as common in the zones
of Tetragraptus jruticosus (three-branched
form) and T. fruticosus (four-branched
form) with T. fruticosus (three-branched
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form), which are the middle part of the
Bendigo series. Ruedemann states that his
varietypostremus is common in graptolite
bed 2 (Tetragraptus zone) and that it ex-
tends into the next zone (Didymograptus
bifidus zone) of the Deepkillshale inNew
York. Ruedemann also records it from the
Levis shale inQuebec.
Genus BRACHIOGRAPTUS Harris and Keble, 1932
BRACHIOGRAPTUS ETAFORMIS Harris andKeble
Brachiograptusetaformis Harris andKeble,1932,
Royal Soc. Victoria, Proc. (n.s.), vol. 44, p.
44, pi. 6, figs. 8, 9.
Remarks.— The Texas specimens agree
well with thespecific descriptionbyHarris
and Keble. Two forms figured by Ruede-
mann (1947, pi. 45, figs. 15, 16) as Lo-
ganograptuslogani mut. perienuis should
bereferred toB.etaformis.
Horizon.— A few specimens of B. eta-
formis were collected from one locality
(collection 28) which is in the upper part
of the FortPefia formation, zone9.Harris
and Keble list the species from the middle
part of the Middle Ordovician (zone of
Diplograptus decoratus) in Victoria,Aus-
tralia. Its associates in both the Victorian
andMarathon successionsincludeDidymo-
graptus nodosus, Trigonograptus ensi-
formis,and Cryptograptusschaferi.
Genus LOGANOGRAPTUS Hall, 1868
LOGANOGRAPTUS LOGANI (Hall)
Graptolithus logani Hall, 1858, Geol. Survey of
Canada,Rept.Prog, for 1857,p. 115.
Loganograptus logani Elles and Wood, 1902,
Mon.British Grapt.,pp.81-82, pi.11, figs. la-g.
Loganograptus logani Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 286-287, pi. 45,
figs. 11-13, pi. 46, figs. 1, 2.
Remarks.— The Texas specimens agree
with the description by Ruedemann ex-
cept that the width of the first and second
order stipes is 0.6 to 0.7 mm, whereas
Ruedemann gives a width of 0.8 mm for
the same stipes. The fourth order stipes
widen from 0.7 mm at their origin to a
maximumof 1.6 mm distally. The second
orderstipesof the Texas specimens are1.3
to1.4 mmin length, and inhis description,
Ruedemann states that the second order
stipes "are about 1.4mm long."
Horizon.— Ruedemann (in Sellards,
1933) first reported L. logani from the
Marathon region. The writer collected it
from the upper part of the Fort Pefia for-
mation, zone 9 (collections 13 and 28).
Ruedemann records the species fromgrap-
tolite bed 7 (zone of Diplograptus den-
tatus) of the Deepkill shale in New York,
and Raymond (1914) lists it from his
zoneD-2 (zoneof D.dentatus) of theLevis
shalein Quebec. Elles and Wood describe
L. logani from the Arenig, middle part of
the Skiddaw slates in the British Isles.
Harris and Keble (1932) list it among
the characteristic forms of thehighest zone
(zone of Isograptus caduceus var. maxi-
ma) of the Castlemaine series inVictoria,
Australia, and Harris (1935) lists it as
very rare in the zone of Glyptograptus in-
tersitus in the Middle Ordovician of the
Victorian sequence.




1904, New York StateMus. Mem. 7, p. 633, pi.
9, fig. 5.
Loganograptus loganimut.pertenuisReudemann,
1947,Geol.Soc. AmericaMem. 19, p. 287, pi.
45, fig. 14 (not figs. 15, 16).
Remarks.— The Texas specimens agree
well with Ruedemann's description. This
varietyis like the typical formof L.logani
except that it is much thinner (0.2 to 0.3
mm in width compared to 0.7 to 0.8 mm
in width). Also, the thecae number 10 to
12 in 10 mm in this variety while they
number 8 to 10 in 10 mm in the typical
form. Two forms figured by Ruedemann
(1947,pi.45, figs.15,16) donotbelong to
this variety but should be referred to
Brachiograptus etaformis.
Horizon.— A few specimens of this thin
varietyof L.logani werecollected fromone
locality (collection 28) which is in the
upper part of the Fort Pefia formation,
zone 9. Ruedemann reports the variety to
be rarein graptolite bed 7 of the Deepkill
shale inNewYork.
Graptolite Faunas, Marathon Region 51
Genus PTEROGRAPTUS Holm, 1881
PTEROGRAPTUS INCERTUS Harris and Thomas
PI.12, fig.2
Pterograptus incertus Harris and Thomas, 1935,
Royal Soc. Victoria,Proc. (n.s.), vol. 47, pp.
289-290, fig. 1, nos.1, la, fig.2, nos.1-6.
Remarks.— The Texas specimens agree
well with thespecific description byHarris
and Thomas.Many of them are immature
forms.
Horizon.— P.incertus was collectedfrom
theupper part of the FortPefia formation,
zone9 (collections16,28, and152).Harris
and Thomas record it from the lower two
zones (zones of Glyptograptus austroden-
tatusand G.intersitus) of theMiddle Ordo-
vician in Victoria, Australia. The species
occurs with many of the same associates
(G. intersitus, Trigonograptus ensiformis,
and Cryptograptus schaferi) in both the
Marathon and Victorian sequences.
Genus TRICHOGRAPTUS Nicholson, 1876
TRICHOGRAPTUS IMMOTUS Harris and Thomas
Trichograptus immotus Harris and Thomas,
1935, Royal Soc. Victoria, Proc. (n.s.), vol.
47, pp.290-291, fig.1,nos.2a-c, fig.2, nos.7, 8.
Remarks.— The Texas specimens agree
well with thespecific description byHarris
and Thomas.
Horizon.— A few specimens of this spe-
cies were collected from the upper part of
the Fort Pena formation, zone 9 (collec-
tions 28 and 98). Harris and Thomas
record it from the zone of Diplograptus
decoratus in theMiddle Ordovicianof Vic-
toria, Australia.
Section SCHIZOGRAPTI
Genus TROCHOGRAPTUS Holm, 1881
TROCHOGRAPTUS LAPWORTHI Ruedemann
Trochograptus lapworthi Ruedemann, 1947,
Geol.Soc. America Mem.19,p. 294,pi.47, figs.
18,19.
Remarks.— The Texas specimens agree
closely withRuedemann's specific descrip-
tion.
Horizon.— Specimens of this species
werecollected fromonelocality (collection
48) which is in zone4 «f the Marathon
limestone. Ruedemann's types came from
the lowest zone of the Levis shale at
Point Levis, Quebec. The species ap-
parently occurs inslightly younger beds in
the Levis sequence than it does in the
Marathon.
Section DICHOGRAPTI
Genus DICHOGRAPTUS Salter, 1863
DICHOGRAPTUS OCTOBRACHIATUS (Hall)
PI.7, fig.13; PI.8, figs. 2,12
Graptolithus octobrachiatus Hall, 1858, Canada
Geol. Survey, Rept. Prog, for 1857, p. 122.
Dichograptus octobrachiatus Elles and Wood,
1902, Mon.British Grapt., pp. 77-79, pi. 9, pi.
10, figs. la-e.
Dichograptus octobrachiatus Ruedemann, 1947,
Geol. Soc. America Mem. 19, pp. 288-289, pi.
46, figs. 3-7.
Remarks.— The Texas specimens agree
well with the specific description by Rue-
demann. The number of stipes that speci-
mens of this species may have is not in-
variable,and septad and hexad typeshave
been noted. One specimen of the hexad
typewasfound in zone6 (collection23) in
the Marathon limestone.
Horizon.— D.octobrachiatus iscommon
in the upper part of the Marathon lime-
stone, zones3 (collection80),4 (collection
69),5 (collection26),and 6 (collections
23, 25, 114, and 115). Two specimens
were found in the upper part of the Fort
Pena formation, zone 9 (collection 28).
Ruedemann states that the species is com-
mon in graptolite bed 2 (Tetragraptus
zone), rare in graptolite bed 3 (Didymo-
graptus bifidus zone),and one specimen
was found in the uppermost horizon with
Diplograptus dentatus of the Deepkillshale
in New York. Elles and Wood record the
species from the Arenig,Middle Skiddaw
slates in England. The species ranges
through the Bendigo series into the Chew-
ton series in the Lower Ordovician of Vic-
toria, Australia.
DICHOGRAPTUS MARATHONENSIS Berry, n. sp.
PI.13, fig. 5
Description.— Stipes of the first order
are2mmlongand thus the funicle is4mm
long. The second order stipes are equal
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in length to thoseof the first order and in-
clude an angle of 100 to 110 degrees.
These give rise to stipes of the third order
which are up to 2.5 cm long. The stipes
of the first and second orders are about
0.4 mm wide but the third order stipes
widen rapidly from 0.5 mm to1.2 mmin
width, which width is then maintained.
Thecae appear only on the third order
stipesand number 8 to 9in10 mm,are in-
clined ata10- to15-degree angle,are three
timesas longas theyarewide, andoverlap
about one-thirdof their length.
Remarks.— This form is close toD.nor-
vegicus HarrisandThomas (1940,p.130;
pi. 1, figs. 4a-c; pi. 2, fig. 5) but differs
from it inhaving slightly longer first and
second order stipes (2.0 mmcompared to
1.5 mm inD.norvegicus) and the thecae
show a constant angleof inclination to the
stipe of 10 to 15 degrees, while inD.nor-
vegicus the angle of inclination increases
toward the apertureof the thecae.
Horizon.— This species is found in zone
9, the upper part of the Fort Pena forma-
tion (collections 14 and 28).
Holotype.— Yale PeabodyMuseum No.
20257.
Section TETRAGRAPTI
Genus TETRAGRAPTUS Salter, 1863
TETRAGRAPTUS ACCLINANS Keble
PL7, fig. 5
Tetragraptus acclinans Keble, 1920, Rec. Geol.
Surv. Victoria,vol.4, p. 198, text fig. 63,pi. 33,
figs. 2a-c.
TetragraptusacclinansHarris andThomas,1938,
Mm. and Geol.Journal, p. 69, pi. 1, fig. 16.
Remarks.— The Texas specimens agree
closely with Keble's specific description.
Horizon.— Specimens of this species
werecollected from zone 4 (collection48)
in the upper part of the Marathon lime-
stone. Keble records it from the highest
zoneintheLancefield series and thelowest
zoneof theBendigo series inVictoria,Aus-
tralia. The species occurs in the Marathon
succession with the same associates (T.
fruticosus, four-branched form, Didymo-
graptus extensus, etc.) as it does in the
Bendigo series inAustralia.
TETRAGRAPTUS AMU Lapworth
PL 6, fig.10;PI.7, fig.9
Tetragraptus amiiLapworth MS, 1890.
Tetragraptus amii Elles and Wood, 1902, Mon.
British Grapt., pp.60-61, text fig.36, pi.5, figs.
4a-c.
Tetragraptus amii Ruedemann, 1947, Geol. Soc.
America Mem. 19, pp. 301-302, pi. 50, figs.
12-14.
Remarks.— The Texasspecimens areall
small, but inshape of the rhabdosome, in
number of thecae (10 in 10 mm) and in
thecharacter of thethecae, theyagreewith
the description of T. amii by Elles and.
Wood. The main stipes of the Texas spe-
cimens areup to2 cm in length and2 mm
inbreadth, whileElles and Wood statethat
the mainstipes are, as a rule, from 2.5 to
3.5 cm in length and 3 mmin width. They
also state that a rapid increase in breadth
near the initial extremity of the main
stipes ischaracteristic andeventhe smaller
forms whichdonotattainthemaximumdi-
mensions have this feature. The Texas
forms do show this rapid increase in
breadth at the proximal extremity of the
mainstipes. The sicula is obscure inall of
the Texas specimens.
Horizon.— T. amii was collected from
zones 4,5,6,of theupperpart of theMara-
thon limestone (collections26, 40, 69, and
71) and from low in zone 8 (collection
113) in the Alsate shale. Ruedemann
found it in zone 2 (Tetragraptus zone) of
the Deepkillshale inNew York.Raymond
(1914) lists it from his zoneD-2 (Diplo-
graptusdentatus zone) of theLevis shaleof
Quebec, andMiser and Purdue (1929) list
it from the Mazarn shale in the Ouachita
Mountains. Elles and Wood record the
species from the Arenig, Middle Skiddaw
slates in England.
TETRAGRAPTUS APPROXIMATUS (Nicholson)
PL 6, figs. 1-3
Tetragrapsus approximatusNicholson,1873, Ann.
Mag. Nat. Hist.,ser. 4, vol.11, p. 136, fig. 2.
Tetragraptus approximatus Harris and Thomas,
1938, Mm. and Geol. Jour., p. 74, pi. 1, figs.
17a-c, pi. 4, fig. 16.
Tetragraptus (Etagraptus) approximatusRuede-
mann, 1947, Geol.Soc. America Mem. 19, pp.
312-313, pi. 52, figs. 4-6, 17, 18.
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Remarks.— The Texas specimens agree
closely with the specific description by
Ruedemann. From specimen to specimen,
thestipes show a slight variation in curva-
ture at their originfrom the funicle,but in
all, the stipes become subparallel to one
another. Because the stipes do show vari-
ation in curvature at their origin from the
funicle, not all specimens form a perfect
letter "H." Since Ruedemann gave the
formation of a letter "H" by the second
order stipes with the funicle as the distinc-
tive character of thesubgenus Etagraptus,
the writer is of the opinion that the sub-
generic category is not necessary, at least
in the case of T.approximates.
Horizon.— T. approximatus is the char-
acteristicspecies of zone 3 (collections 76,
80, 120, and 130) in the middle part of
the Marathon limestone. The species has
been chosen as thename-giverto that zone.
T. approximatus is common inRaymond's
(1914) zoneA,thelowest beds of theLevis
shale in Quebec. Also, the species is the
characteristic form in the highest zone of
the Lancefield series of the Lower Ordovi-
cian in Victoria, Australia (Harris and
Keble,1932). Itoccurs in the Levis shale,
in Marathon zone 3, and in the Lance-
field zone 3, with the same associates
(Clonograptus rigidus, Tetragraptus quad-
ribrachiatus,etc.).
TETRAGRAPTUS BIGSBYI (Hall)
PI. 7, fig. 11
Phyllograptus similis Hall, 1858, Canada Geol.
Survey, Rept. Prog, for 1857, p. 140.
Graptolithus bigsbyi Hall, 1865, Canadian Or-
ganic Remains, p. 86, pi. 16, figs. 22-30.
Tetragraptus bigsbyi Elles and Wood,1902, Mon.
British Grapt., pp. 68-69, text figs. 42a, b,pi.
6, figs. 6a-e.
Tetragraptus similis Ruedemann, 1904, (pars)
New York StateMus.Mem. 7,pp.658-662, text
figs. 58, 60, 61 (not fig. 59), p. 642, fig. 48, p.
644, fig. 49 (not fig.50), pi.12, figs. 3, 6,9, 10,
not figs. 2, 4, 5, 7.
Tetragraptus bigsbyi Monsen, 1937, Norsk, Geol.Tiddsskr., Bd. 16, pp. 169-170, taf. 4, figs. 1,
2, 6, 10, 24, taf. 13, figs. 7, 8, 10, 11.
Tetragraptus similis Ruedemann, 1947, (pars)
Geol. Soc. America Mem. 19, p. 310, pi. 51,
figs. 4, 5, 7, 11,not figs. 6, 8, 9, 10, 12, 13.
Remarks.— The Texas specimens agree
well with Hall's original description and
withElles and Woods' figures and descrip-
tion. Hall (1858) originally placed these
reclined tetragraptids under the genus
Phyllograptus and gave them the specific
name similis. Subsequently, Hall (1865)
realized that such forms were not phyllo-
graptids and removed them to the genus
Graptolithus. Since hehad already named
a species Graptolithus similis,he gave the
name G. bigsbyi to the forms originally
called P. similis. Subsequently, the genus
Graptolithus was split up toseveralgenera
including Didymograptus and Tetragrap-
tus, and Hall's G. similis then became D.
similis. Ruedemann (1904) stated that
since G. similis was now D. similis, the
name Tetragraptus similis would have
priority over the name T. bigsbyi for the
forms Halloriginally namedPhyllograptus
similis.However,under the 1933 Rules of
Nomenclature,Ruedemann was not correct
in reviving a name which had been
dropped. Other authors (Holm, 1895;
Elles and Wood,1902; Monsen,1937;and
Bulman, 1955) have followed Hall's
(1865) usage,and this writerproposes to
do so here.Further,Ruedemann (1904,pi.
12, figs. 2, 4, 5, and 7, and 1947, pi. 51,
figs. 6,8,9, 10 12, and 13) included forms
under T.similis not like Hall's description.
These forms should be referred to the
species Tetragraptus serra.
Horizon.— Specimensof T.bigsbyi were
collected from the middle and upper parts
of the Marathon limestone, zones3 (collec-
tion 120),4 (collection 71),5 (collection
26),6 (collections25, 40, 52, 63, 64, and
115),and 7 (collection47).Hall's original
material came from the Levis shale in
Quebec, andRaymond (1914) lists it from
his zones C-2, C-3, and D-l (Didymograp-
tus bifidus and lower Diplograptus denta-
tus zones) of that shale. Ruedemann re-
cords the species from graptolite zone 1
(Tetragraptus zone) of the Deepkill shale
inNew York.Ellesand Wood state that the
species occurs in abundance in the lower
part and rangesinto themiddle part of the
Skiddaw slates (zones of Didymograptus
extensus and D. hirundo) in the British
Isles.Benson andKeble (1935) reportthe
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form from New Zealand, and Harris and
Keble (1932) show the species ranging
through the Bendigo and Chewton series
in Victoria, Australia. The species occurs
in similar assemblages in both the Victo-
rianand Marathon successions.
TETRAGRAPTUS DECIPIENS T.S. Hall
PI. 5, fig. 4
Tetragraptus decipiens T. S. Hall, 1899, Royal
Soc. Victoria, Proc. (n.s.), vol. 11, pp. 168-
-169, pi.17, figs. 13-15,pi.18, figs. 16-19.
Remarks.— The Texas specimens agree
with T. S. Hall's specific description ex-
cept that the outer margins of the thecae
arestraight, and the thecaemaintain their
low angle of inclination to the stipe
throughout, while in the Australian ma-
terial the outer margins of the thecaehave
a concave curvature which increases near
the aperture.
Horizon.— Specimens of T. decipiens
were collected from the lower part of the
Marathon limestone, zone 2 (collections
72E and 84). Harris and Keble (1932)
list T. decipiens with Adelograptus vic-
toriae as characteristic species of the sec-
ond zone in the Lancefield series of the
Lower Ordovician in Victoria, Australia.
T. decipiens occurs with the same associ-
ates in both the Victorian and Marathon
sequences.
TETRAGRAPTUS DECIPIENS var. BIPATENS Keble
and Harris
Tetragraptus decipiens var. bipatens Keble andHarris, 1934, Nat. Mus. Melbourne, Mem. 8,
pp. 170-172, text figs. 2, 3.
Remarks.— The Texas specimens agree
well with thespecific description by Keble
and Harris.
Horizon.— Specimens of this species
werecollected from one locality (collection
22) which is in zone 6 in the upper part
of theMarathon limestone. Kebleand Har-
ris record the species from the lower part
of the Bendigo series of the Australian
Lower Ordovician. The species occurs
slightly higher in the Marathon sequence
thanin the Victorian.
TETRAGRAPTUS FRUTICOSUS (Hall)
PI. 6, figs.7, 11,12; PI.7, fig.14;
PI.8, figs.1,3;PI.9, fig. 3
Graptolithus fruticosus Hall,1858, Canada Geol.Survey, Rept.Prog, for 1857,p. 128.
Graptolites (Didymograptus) fruticosus McCoy,1874, Geol. Survey Victoria, Prodr. Pal. Vic-
toria,dec. 1, p. 13,pi.1, figs. 9-14.
Tetragraptus fruticosus Elles and Wood, 1902,
Mon.British Grapt., pp. 61-63, text fig. 37, pi.
6, figs. 2a,b.
Tetragraptus fruticosus Ruedemann,1947, Geol.
Soc. America Mem. 19,pp.304-305,pi. 51, figs.
25-32.
Remarks.— Two forms of this species
are present in the Marathon succession.
The two forms are alike in all essential
characters except that in one, the normal
four stipes arepresent,while in the other,
one of the two secondary stipes does not
develop, giving rise to a 3-branched form.
Small 4-branched forms in which the
stipes are rarely more than 15 mm in
length appear first in the sequence, then
larger 4-branched rhabdosomes in which
the stipes arestrongly curved and areup
to 12cm inlength comein.The 3-branched
rhabdosomes appear later than the small
4-branched forms but appear with the ro-
bust 4-branched forms. The 3-branched
forms are not so robust as the large 4-
branched forms, since their stipes meas-
ure only 3 to 4 cm in length and up to 3
mm in breadth.
Horizon.— T. fruticosus is a common
species in the upper part of the Marathon
limestone. The 4-branched form is the
characteristic element of zone 4 (collec-
tions 4, 69, 71, and 101) and it rangesup
into zones 5 (collections26, 27, and 90)
and 6 (collections 23, 114,and 115). The
3-branched form is the characteristic ele-
ment of zone5 (collections26, 27,and 90),
and it ranges into zone 6 (collections23,
24F, 25, 40, 52, 63, 64, 658, and 115)
where it is very common. Ruedemann re-
cords the species from graptolite beds 1
and 2 {Tetragraptus zone) of the Deepkill
shale in New York.Raymond (1914) lists
it from his zone B of the Levis shale in
Quebec. Elles and Wood report the species
only from the Arenig rocks (zoneof Didy-
mograptusextensus) of theGirvan district
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in South Scotland. The 4- and 3-branched
varieties were among the first graptolites
recognized in Australia (McCoy, 1874).
Harris and Thomas (1938b) show that the
subdivision of the Bendigo series in Vic-
toria, Australia, is based on the introduc-
tion of the 4-branched form, then the ap-
pearance of the 3-branched form with the
4-branched form, and, finally, the loss of
the 4-branched form with the 3-branched
form remaining. The sequence of appear-
ances of the two forms of thisspecies is the
same in both the Victorian and Marathon
successions. Further, the species is associ-
ated with the same tetragraptidsand didy-




don, Quart. Jour., vol. 54, p. 491, fig. 13.
Tetragraptus pendens Elles and Wood, 1902,
Mon. British Grapt., pp. 63-64, text fig. 38, pi.
6, figs. 3a-d.
Tetragraptus pendens Ruedemann, 1947, Geol.
Soc. America Mem. 19,pp. 306-307,pi.51, figs.
18-21.
Remarks.— The Texas specimens of this
characteristic slender species agree with
Elles' description.
Horizon.— A few specimens of this
species were collected from zone 4 of the
Marathon limestone. They wereidentified
in collection 71. Ruedemann recorded the
species from the zone of Didymograptus
bifidus of the Deepkill shale in New York
and Raymond (1914) listed it from the
same zone in the Levis shale in Quebec.
Elles and Wood record it from the Arenig,
Middle Skiddaw slates in England. Har-
ris and Thomas (1938b) and Harris and
Keble (1932) report T. pendens in the
Bendigo series and ranging into the Chew-
ton series in Victoria,Australia. The form
appearsslightly earlier (in the 4-branched
Tetragraptus fruticosus zone) inAustralia
and in theMarathon region than it doesin
New York and Quebec.
TETRAGRAPTUS PYGMAEUS Ruedemann
Tetragraptus pygmaeus Ruedemann, 1904, New
York State Mus. Mem. 7, pp. 664-665, pi. 12,
figs. 11-14.
Tetragraptus pygmaeus Ruedemann,1947, Geol.
Soc. America Mem. 19, p. 307, pi. 51, figs. 14-
-17.
Remarks.— The Texas specimens agree
well with Ruedemann's specificdescription.
Horizon.— Specimens of T. pygmaeus
were obtained from zones 5 and 6 of the
upperpartof theMarathon limestone (col-
lections 25,40, and 90).Ruedemann states
that this species is quite common in grap-
tolite bed 2 {Tetragraptus zone) of the
Deepkill shale in New York and is rarein
beds with Diplograptus dentatus at Mt.
Merino,New York.
TETRAGRAPTUS QUADRIBRACHIATUS (Hall)
PL 7, fig. 12
Graptolithus quadribrachiatus Hall, 1858, Can-
ada Geol.Survey, Rept. Prog, for 1857, p. 125.
Tetragraptus quadribrachiatus Ruedemann,
1947, Geol. Soc. America Mem. 19, pp. 307-
-308, pi.50, figs. 15-18.
Remarks.— The Texas specimens agree
fully with the description by Ruedemann.
Horizon.— This species has one of the
longest ranges of any graptolite. Further,
it is one of the earliest tetragraptids to ap-
pear and the last to drop out— ranging
from zone3 throughzones 4,5, 6,7,8,and
into zone9.It occurs in the upper part of
theMarathon limestone,inthe Alsate shale
and inall but the highest beds of the Fort
Pena formation and was identified in the
following collections— 13, 14, 15, 25, 26,
28, 30, 40, 40A, 47, 48, 52, 658, 69, 71,
95, 98, 110, 111, 114, 120, and 121.
Ruedemannrecords it from the Tetragrap-
tus zone of the Deepkill shale and with
Diplograptus dentatus near Mt. Merino,
New York.Raymond (1914) lists it from
zones A,B, and D-2 of the Levis shale in
Quebec. Miser and Purdue (1929) list it
from the Mazarn shale in the Ouachita
Mountains. In Great Britain, the species
occurs in the middle and upper beds of
the Middle Skiddaw slates. Harris and
Keble (1932) list the species as ranging
from the highest zoneof the Lancefieldian
series (zone of Tetragraptus approxima-
tus) through Bendigo, Chewton, and
Yapeen series into the lower part of the
Middle Ordovician of Victoria, Australia.
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TETRAGRAPTUS RECLINATUS Elles and Wood
Tetragraptus reclinatus Elles and Wood, 1902,
Mon.British Grapt., p. 67, text fig. 41, pi. 6,
figs. sa-e.
Remarks.— The Texas specimens agree
well withElles and Wood's specific descrip-
tion. T. reclinatus resembles T. serra in
shape but can be easily distinguished be-
cause the stipes are much thinner (never
more than 2.0 mm in T. reclinatus com-
pared to 3.0 to 3.2 mm in T. serra) and
the thecae morenumerousper 10 mm (12
to 13 in T. reclinatus and 8 to 10 in 10
mm in T. serra).
Horizon.— Specimens of T. reclinatus
werecollected from zone 6 (collections 25
and 63) inthe upperpart of the Marathon
limestone. Elles and Wood record the
species from the Arenig,middle part of the
Skiddaw slates. C. E. Decker (personal
communication) found some poorly pre-
servedspecimens of thespeciesin theWest
Spring Creek limestone of the Arbuckle
group in the Arbuckle Mountains, Okla-
homa.
TETRAGRAPTUS SERRA (Brongniart)
Pl.6, fig. 6;PI.13, fig. 1
Fucoides serra Brongniart, 1828, Hist. Veget.
Foss.,p. 71,pi. 6, fig. 7,8.
Tetragraptus serra Elles and Wood, 1902, Mon.
British Grapt., pp. 65-67, text figs. 40a-c,pi. 6,
figs. 4a-f.
Tetragraptus serra Ruedemann,1947, Geol.Soc.
America Mem. 19, pp.309-310, pi.50, figs. 19-
-23.
Remarks.— The Texas specimens areall
immaturebut agree well with the specific
description by Elles and Wood exceptthat
the thecaenumber 9 to 10 in 10mmwhile
theynumber 8 to 9 in10mmintheBritish
material. However, in the figures of T.
serra in the Elles and Wood monograph,
the thecae number 9 to 10 in 10 mmnear
the proximalend, and this is the same re-
gion in which the thecal measurements
were made on the Texas specimens.
Horizon.— Specimens of T. serra were
collected from the upper part of theMara-
thon limestone, zones 5, 6, and 7 (collec-
tions25, 26, 47, 52, and 63),and themid-
dle part of the Fort Pena formation, zone
9 (collection 28). Brongniart's original
material came from Point Levis, Quebec,
and several authors cite the occurrenceof
thisspecies there.Raymond (1914) lists it
fromhis zones A,C-2, andD-2 of theLevis
shale. Ruedemann records it from zone 1
(the Tetragraptus zone) of the Deepkill
shale inNew York. Elles and Wood report
T. serra to be very abundant in the upper
beds of the Arenig,Skiddaw slates whereit
occurs with T. amii and Didymograptus
extensus.Harris andThomas (1938b) fig-
ureT.serraas one of themost characteris-
tic forms in the Bendigoseries inVictoria,
Australia. Harris and Keble (1932) show
the species ranging through the Bendigo,
Castlemaine, and what is now the Yapeen
series in Victoria. T. serra has the same
associated species and the same range
in both the Marathon and Victorian se-
quences.
TETRAGRAPTUS TARAXACUM Ruedemann
PL 8, fig. 13
Tetragraptus taraxacum Ruedemann, 1902, New-
York StateMus.Bull.52, p. 589, fig. 16.
Tetragraptus taraxacum Ruedemann,1947,Geol.
Soc. America Mem. 19,p. 311, pi. 50, figs. 24-
29.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion.
Horizon.— The specimensof T. taraxa-
cum were collected from zones3, 5, and 6
in the upper part of the Marathon lime-
stone (collections 52, 64, 90, and 120J).
Ruedemann states that themajority of his
specimens were obtained from graptolite
bed 2 of the Deepkill shale (Tetragraptus
zone) but afew were also observed in the
beds with Glytograptus dentatus at Mt.
Merino,New York.
Genus PHYLLOGRAPTUS Hall, 1858
PHYLLOGRAPTUS ANGUSTIFOLIUS Hall
Phyllograptus angustifolius Hall, 1858, Canada
Geol.Survey, Rept. Prog, for1857, p. 139.
Phyllograptus angustifolius Elles and Wood,
1902, Mon. British Grapt., pp. 100-101, text
fig. 59,pi.13, figs. 7a-f.
Phyllograptus angustifolius Ruedemann, 1947,
Geol. Soc. America Mem. pp. 315-316, pi. 53,
figs. 2-6.
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Remarks.— The Texas specimens agree
fully with the description by Elles and
Wood.
Horizon.— This species was collected
from zones5 and6 inthe upperpartof the
Marathon limestone (collections26,40, 52,
and 63). Ruedemann records the species
from all three zones of the Deepkill shale
in New York. Hall's types came from the
Levis shale in Quebec. Elles and Wood
state that P. angustifolius is an abundant
form in the Skiddaw slates where it has a
fairly long range. Harris and Thomas
(1938b) include itas a commonspecies in
the Bendigo series in Victoria, Australia.
PHYLLOGRAPTUS ANNA Hall
PI.8, fig.14; PI.10, fig.4
Phyllograptus annaHall,1865,CanadianOrganicRemains, p. 124, pi. 16, figs. 11-16.
Phyllograptus anna Elles and Wood, 1902,Mon.
British Grapt., pp. 101-102, text figs. 60a-b,pi.
13, figs. 6a-f.
Phyllograptus anna Ruedemann,1947, Geol.Soc.
AmericaMem. 19, pp.316-317, pi.53, figs. 27-
Remarks.— The Texas specimens agree
fully with the description by Ruedemann.
Horizon.— Ruedemann (in Sellards,
1933) first reported P. anna from the
Marathon limestone. The writer collected
it from zones5,6,and 7 in the upper part
of that formation (collections 20, 23, 25,
26, 40A, 47, 52, 63, 65A, 65C, 67, and
115).Ruedemannrecords the species from
the "last layers of graptolitebed2" (Tetra-
graptuszone),throughout thehorizon with
Didymograptusbifidus (zone2),and from
zone 3 bed 1 (zone of Diplograptus den-
tatus) of the Deepkill shale in New York.
Raymond (1914) listed the species from
zoneC-3 (zone of D.bifidus) of the Levis
shale inQuebec. Elles and Wood report it
from the middle partof the Skiddaw slates
in the British Isles.
PHYLLOGRAPTUS ANNA mm. LONGUS Ruedemann
PL 8, fig. 16
PhyllograptusannaHallmut. longus Ruedemann,
1947, Geol.Soc. AmericaMem. 19, p. 317, pi.
53, figs. 36-40.
Remarks.— The Texas specimens agree
closely with Ruedemann's description.
Horizon.— Specimens of this variety
werecollected fromonelocality (collection
25) which isin zone6 in theupperpartof
theMarathon limestone. Ruedemann's type
material came from the Glenogle shale in
BritishColumbia.
PHYLLOGRAPTUS ILICIFOLIUS Hall
PL 8, fig. 4; PI.9, figs.1,2
Phyllograptus ilicifolius Hall,1858,Canada Geol.
Survey, Rept. Prog, for 1857,p. 139.
Phyllograptus ilicifolius Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 317-318, pi. 53,
figs. 9-19.
Remarks.— The Texas specimens agree
fully with the specific description by
Ruedemann.
Horizon.— P.ilicifolius isacommonfos-
sil inzones 4 (collection71),5 (collection
26),6 (collections 23, 25, 30, 40, 40A,52,
and 115), and 7 (collections 19 and 20)
in the upper part of the Marathon lime-
stone. The species isvery common in zone
1 (Tetragraptus zone) bed 2 and rare in
zone 1bed1and in zone 2 (Didymograp-
tus bifidus zone) of the Deepkill shale in
New York. Raymond (1914) lists it from
his zones A,C-l,C-2, and C-3 of theLevis
shale in Quebec. Ruedemann records it
from many other localities in North
America,and Harrisand Thomas (1938b)
figure it as one of thecharacteristic species
in the Bendigo series in Victoria, Aus-
tralia.
PHYLLOGRAPTUS NOBILIS Harris andKeble
PL 14, figs. 6,7
Phyllograptus nobilis Harris and Keble, 1932,
Royal Soc. Victoria,Proc. (n.s.),vol.44, p. 41,
pi.6, figs. 3,4.
Remarks.— The Texas specimens agree
fully with the specific description by
Harrisand Keble.
Horizon.— Specimens of P.nobilis were'
collected from but one locality (collection
85) which is in the highest beds of the
Fort Pena formation, zone 10. Harris and
Keble's type specimens came from the
upper part of the Middle Ordovician in
Victoria, Australia, and Harris (1935)
lists thespecies as verycommoninthe zone
of Diplograptus (Mesograptus) decoratus
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Phyllograptus typus Hall, 1858, Canada Geol.
Survey, Rept. Prog, for 1857, p. 137.
Phyllograptus cf. typus Elles and Wood, 1902,
Mon.BritishGrapt., pp.99-100, textfig. 58,pi.
13, figs.sa, b.
Phyllograptus typusRuedemann,1947,Geol.Soc.
America Mem. 19, pp.320-321, pi.53, figs. 22-
-26.
Remarks.— Rhabdosomes of this species
are highly variable in length and width.
The British forms areslightly larger than
the American types described byHall. The
British specimens vary in form from long
and narrow with maximumdimensions of
57 mm in length and 6.3 mm in width to
shorter andbroader formswith dimensions
of 25.4 mm in length and 8.7 mm in
width. Ruedemann states that the Ameri-
can material doesnot reach these extremes
in dimensions, but one form figured by
Hallmeasures 56 mminlength and17mm
in width, and a specimen from the Levis
shale figured by Ruedemann measures 55
mm in length and 17 mm in width. The
specimens from the Marathon regionwere
measured, and the size range was from
forms 15 mm in length and 0.9 mm in
width to forms 35mm inlength and16 mm
in width. The mean length of the speci-
mens was 20.4 mm and the mean width
10.1mm.The Texasspecimens are shorter
and broader than the British material,but
they compare favorably in formratio with
specimens from the Deepkill shale inNew
York.Inthecurvedcharacter of thethecae,
in the number of thecae (9 to 10 per 10
mm), and in the slightly mucronate aper-
tures, the Texas specimens agree with the
specific description by Ruedemann.
Horizon.— Ruedemann (1947, p. 321)
states thathehad"undoubted specimensof
this species" from the Marathon region.
The writercollected it from the upperpart
of the Marathon limestone, zones 6 and 7
(collections47,63, 65C, 65D, 67, and 70)
and from the Alsate shale and lower part
of the FortPena formation,zone8 (collec-
tions 113 and141).Thespecies iscommon
in zone 7 but is rare in the zones above
and below. Ruedemann records thespecies
from graptolite bed 3 (zone of Didymo-
graptus bifidus) of the Deepkill shale in
New York. Raymond (1914) lists it from
zone B of the Levis shale in Quebec.
Ruedemann also records it from the Glen-
ogle shale in British Columbia associated
with a fauna similar to that of zone 8 in
the Marathon succession. The forms Elles
and Wood referred toP. typus came from
the Arenig,Middle Skiddaw slates inScot-
land and Wales. Harris and Thomas
(1938b) figure aform tentativelyreferred
to P. typus as a characteristic element of
the fauna of the Castlemaine series inVic-
toria,Australia.
Section DIDYMOGRAPTI
Genus DIDYMOGRAPTUS McCoy (in Sedgwick and
McCoy, 1851)
DIDYMOGRAPTUS AFFINIS (Nicholson)
Didymograpsus affinis Nicholson,1869, Ann.Mag.
Nat. Hist.,ser. 4, vol. 4,p. 240, pi.11, fig.20.
Didymograptus affinis Elles and Wood, 1901,
Mon. British Grapt., pp. 23-24, text figs. 13a,
13b,pi.2, figs. la-b.
Remarks.— The stipes of the Texas
specimens arenot more than 0.5 mm wide
and diverge at an angle of 160 degrees
from the sicula, whereas in the British
specimens the stipesare0.6 mm wide and
diverge at an angle of 90 to 150 degrees.
In all other respects the Texas specimens
agree with the description of the British
materialby Elles and Wood.
Horizon.— D. affinis was collected from
the Alsate shale (collections8 and 113) in
the lower part of zone 8. The species has
been recorded from the Glenogle shale
(Ruedemann,1947) and from the Arenig,
middle and upper part of the Skiddaw
slates in theBritish Isles.
DIDYMOGRAPTUS ARTUS Elles and Wood
PL 10, figs.2, 5,6
Didymograptus artusElles andWood, 1901,Mon.
British Grapt., p. 48, text fig. 30, pi. 4, figs.
6a-d.
Didymograptus artus Ruedemann, 1947, Geol.
Soc. America Mem. 19,p.326, pi.54, figs. 3-10.
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Remarks.— The Texas specimens agree
wellwith Elles and Wood's description.
Horizon.— D. artus is a diagnostic spe-
cies of zone7, the highest in the Marathon
limestone, and it is restricted to that zone.
It was identified in collections 19, 24A,
248, and 47. Ruedemann (1947) records
the species from the Black Rock lime-
stone in Arkansas and the Joins lime-
stone in the Arbuckle Mountains in Okla-
homa. Elles and Wood report the species
in the upper part of the Skiddaw slates
where it isa diagnostic form of the zone of
Didymograptus bifidus. The species has
not been reported from Australia; its ap-
pearance in the Marathon succession with
apredominantly Australian graptolite se-
quence affords a tie point between the
British and Australian zonal schemes.
DIDYMOGRAPTUSBIFIDUS (Hall)
PL10, figs. 3, 7-10
Graptolithusbifidus Hall,1865,CanadianOrganicRemains, p. 73, pi. 1, figs. 16-18, pi. 3, figs.
9-10.
Didymograptus bifidus Elles and Wood, 1902,
Mon. British Grapt, pp. 42-44, text figs. 26a,
b, pi.4, figs. la-f.
Didymograptus bifidus Ruedemann, 1947, Geol.
Soc. America Mem. 19,pp. 327-328, pi. 54, figs.
11-16.
Remarks.— The Texas specimens areall
small, and although numerous specimens
were collected from several localities,
many are immature. The character and
number of the thecae,the sizeof the sicula,
and the variation inangleof divergenceof
the stipes agree with the descriptiongiven
by Ruedemann. The length of the mature
forms ranges from 1.2 to 2.2 cm and the
width from 2.0 to 2.4 mm.Although none
of the Texas specimens attained the di-
mensions of Hall's largest forms, some do
fall within the range of variation of the
dimensions given by both Elles and Wood
and by Ruedemann; therefore some speci-
mens of adult forms of D. bifidus appear
to bepresent.
Associated with D. bifidus in the lower
part of zone 7 are several transient forms
between D. bifidus and D. protobifidus
which are very close to D. bifidus. The
transients have thinner stipes and fewer
thecaeper 10mm than the true D.bifidus.
Horizon.— Ruedemann (in Sellards,
1933) first recorded D. bifidus from the
Marathon limestone. It is the most diag-
nostic fossil of zone 7, the uppermost 30
feet of the Marathon limestone. Thespecies
is common and widespread in the zone,
and it was identified in the following col-
lections: 9, 19,20, 24Aand B,47, 65D, 67,
and 70.D.bifidus is the characteristic ele-
ment of zone 2 of the Deepkill shale in
New York and of Raymond's (1914)
zones C-2 and C-3 of the Levis shale in
Quebec. The species is widely distributed
in the lower part of the Llanvirn series in
the British Isles, and it marks the sixth
zoneof the Britishsequence.
DIDYMOGRAPTUSCOMPRESSUS Harris and Thomas
Didymograptus compressus Harris and Thomas,
1935, Royal Soc. Victoria,Proc. (n.s.), vol. 47,
pp. 293-294, fig. 1, nos. 6a-c, fig. 2,nos. 20, 21.
Remarks.— The Texas specimens agree
closely with the specific description by
Harris and Thomas.
Horizon.— Specimens of this species
were collected from the upper part of the
Fort Pefia formation, zone 9 (collection
28). Harris and Thomas (1935) report
the species to be common in the zone of
Glyptograptus intersitusand to be rare in
the zone below (zone of Glyptograptus
austrodentatus) in the Middle Ordovician
of Victoria, Australia. D. compressus oc-
curs with the same associates (G. inter-
situs, G. austrodentatus, Trigonograptus
ensiformis, Didymograptus nodosus, etc.)
in both the Marathon and Victorian se-
quences.
DIDYMOGRAPTUS CUSPIDATUS Ruedemann
Didymograptus cuspidatus Ruedemann, 1904,
New York State Mus. Mem. 7, p. 698, text fig.
90,pi.15, figs. 8, 9.
Didymograptus cuspidatus Harris and Thomas,
1935, Royal Soc. Victoria, Proc. (n.s.), vol.
47, p. 293, fig. 1, no. 9, fig.2, nos.11, 12.
Didymograptus cuspidatus Ruedemann, 1947,
Geol. Soc. America Mem. 19, p. 330, pi. 55,
fig. 2,pi.56, fig. 19.
Remarks.— The sicula is short and in-
conspicuous, and the stipes originate sub-
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orally from it at different levels and di-
verge initially at an angle of 140 to 160
degrees, but later they become sub-hori-
zontal. The stipes are 2.0 cm or more
long and arenarrow (0.4 mm) at first but
widen to1.0mm.The thecaenumber 12 to
13 in 10mmand the mature ones overlap
about one-third their length. The inclina-
tion of the early thecae is about 20 degrees
but increases to40 degreesin theapertural
part of the later thecae. The apertural
margins areslightly convex and approxi-
mately normal to the axis of the stipe.
The above description of the Texas
specimens agrees well with Ruedemann's
description based on a single specimen.
Horizon.— D. cuspidatus was collected
from the Fort Pena formation, zones 8
(collection61B) and 9 (collections 14,16,
and98).Ruedemann's typecame from the
shales with Diplograptus dentatus at Mt.
Merino, New York. Harris and Thomas
record it from the zone of Diplograptus
decoratus of theMiddle OrdovicianinVic-
toria, Australia. The species occurs with
the same associates (Hallograptus ethe-
ridgei,Cryptograptus schaferi, and Didy-




Description.— The stipes diverge initi-
ally at about a 90-degree angle, then in-
curveandbecome subparallel.They widen
from 0.8 to1.5 mmin the first 5mm, then
increase in width gradually to a maximum
of 1.8 mm. The stipes are 1.7 cm in
length. The thecae number 7 in 10 mm,
overlap one-half their length, are three
times as long as they are wide, and are
inclined at a 35- to 45-degree angle to the
stipe. The apertural margins are concave
and have distinct mucros.
Horizon.— Specimens of this species
werecollected from one locality only (col-
lection 20), which is in the uppermost
part of the Marathon limestone, zone 7.
Holotype.— Yale PeabodyMuseum No.
20252.
DIDYMOGRAPTUS EIXESAE Ruedemann
DidymogTaptus ellesi Ruedemann, 1904, New
York StateMus.Mem. 7,pp.682-683, text figs.
75,76,pi.14, figs. 22-24.
Didymograptus ellesae Ruedemann, 1908, New
YorkStateMus.Mem.11,p.134.
Didymograptus ellesae Ruedemann, 1947, Geol.
Soc. America Mem. 19,pp.330-331,pi.55, figs.
8-10,pi. 56, fig. 15.
Remarks^— The Texas specimens agree
closely withRuedemann's description.
Horizon.— Specimens of this species
were collected from one locality (collec-
tion 48) where they were associated with
Didymograptus extensus, Tetragraptus ac-
clinans, and Tetragraptus quadribrachi-
atus. The locality is in zone4, in theupper
part of the Marathon limestone. Ruede-
mann obtained his type material from
graptolite bed 3 (D. bifidus zone) of the
Deepkill shale in New York.
DIDYMOGRAPTUS EUODUS Lapworth
Didymograptus euodus Lapworth, 1875, Geol.
Soc. London, Quart. Jour., vol. 31, p. 645, pi.35, figs. la-c.
Didymograptus euodus Elles and Wood, 1901,
Mon.British Grapt., pp. 21-22, text fig. 12, pi.
1, figs. lOa-b.
Didymograptus euodus Ruedemann, 1947, Geol.
Soc. America Mem. 19,pp.332-333,pi.55, figs.
33-36,pi.56, figs. 22-24.
Remarks.— The Texas specimens agree
with the description by Elles and Wood
except that the stipes attain awidth of 2.2
mmwhiletheBritish specimensare2.4mm
in width.
Horizon.— D.euodus was collected from
the lower partof the FortPefia formation,
zone 8 (collection 110).Ruedemann has
recorded thespecies from theBlakely sand-
stone in the OuachitaMountains inArkan-
sas and the upper part of the Glenogle
shale inBritishColumbia. Elles and Wood
state that the speciesisknown in theBritish
Isles only from the zoneof Didymograptus
murchisoni in the Llanvirn series.
DIDYMOGRAPTUS EXTENSUS (Hall)
PI.6, fig.5; PI.8, fig. 10
Graptolithus extensus Hall, 1858, Canada Geol.
Survey, Rept. Prog, for 1857, p. 132.
Didymograptus extensus Elles and Wood, 1901,
Mon. British Grapt., pp. 8-9, text figs. 4a-d,
pi.1, figs, la,b.
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Didymograptus extensus Ruedemann,1947, Geol.
Soc. America Mem. 19, pp. 331-332, pi. 55,
fig. 16,pi.56,figs. 1,2.
Remarks.— The Texas specimens agree
well with thespecific descriptionby Ruede-
mann.
Horizon.— D. extensus is a common
species in zones 3,4, 5,and 6 (collections
21, 23, 25, 26, 27, 32, 40, 48, 52, 65C, 66,
79, 90, 91, and 115), ranging from the
middle of the Marathon limestone to near
the top of it. Hall obtained the type ma-
terial from the Levis shale in Quebec,and
Raymond (1914) lists it inhis zoneC-2 of
that formation.Ruedemann foun^lit inbed
2 (Tetragraptus zone) of theDeepkillshale
and Elles and Wood record it from the
middle part of the Skiddaw slates of the
Lake District and several other localities.
Harris andKeble (1932) show thespecies
rangesfrom theupper part of theBendigo
series, zoneof Tetragraptus fruticosus (3-
and 4-branched forms) through the Chew-
ton series inVictoria,Australia.
DIDYMOGRAPTUS LEPTOGRAPTOIDES Monsen
Didymograptus leptograptoides Monsen, 1937,
Norsk. Geol. Tidsskr., Bd. 16,pp. 136-138, taf.
2, figs. 3, 4, 32, 57, 63, 67, taf. 9, fig. 2.
Remarks.— The Texas specimens agree
closely with Monsen's specific description.
Horizon.— The specimens of D. lepto-
graptoides werecollected from one locality
only (collection 115) which is in zone 6
in the upper part of the Marathon lime-
stone. Monsen's types came from the zone
of Phyllograptus densus of thelower Didy-
mograptus shales inNorway.
DIDYMOGRAPTUS MENDICUS Keble and Harris
PI.11, fig. 3
Didymograptus mendicus KebleandHarris, 1934,
Nat. Mus. Melbourne Mem. 8, pp. 168-169, pi.
20, fig.2.
Remarks.— The Texas specimens agree
fully with thespecific description by Keble
andHarris.
Horizon.— Specimens of D. mendicus
were collected from the Alsate shale (col-
lection 113) which is the lower part of
zone8.KebleandHarrisrecord the species
from beds now included in the Chewton
seriesinVictoria,Australia.
DIDYMOGRAPTUS NICHOLSONILapworth
Didymograptus nicholsoniLapworth, 1875, Geol.
Soc. London, Quart. Jour., vol. 31, p. 644, pi.33, figs. sa-d.
DidymograptusnicholsoniElles and Wood,1901,
Mon. British Grapt., pp.27-28, text figs. 16a-c,
pi. 2, figs. 4a-c.
Didymograptus nicholsoni Ruedemann, 1947,
Geol.Soc. America Mem. 19, pp. 338-339, pi.
55, figs.26-28,pi.56, fig. 7.
Remarks.— The Texas specimens agree
fully with the specific descriptionby Elles
and Wood.
Horizon.— Ruedemann (in Sellards,
1933) first listed D.nicholsoni from the
Marathon limestone. The writer collected
specimens of the species from zones 4,
5, and 6 of the upper part of the Mara-
thonlimestone (collections39, 66, 68, and
115).Ruedemann records the speciesfrom
Newfoundland as wellas Marathon,Texas.
Elles and Wood report it to be present in
the middle and upperparts of the Skiddaw
slates and to range into the zone ofD.bi-
fidus (lowLlanvirn).Harris (1935) listed
D. nicholsoni from the Bendigo series in
Victoria,Australia.
DIDYMOGRAPTUS NICHOLSONI var.PLANUS Elles
and Wood
Didymograptus nicholsoni var. planus Elles andWood, 1901, Mon. British Grapt., p. 29, textfigs.17a,b,pi. 2,figs. sa,b.
Didymograptus nicholsoni var. planus Ruede-
mann, 1947, Geol. Soc. America Mem. 19, p.
339, pi. 55, figs. 23-25, pi. 56, figs. 8, 9.
Remarks.— The Texas specimens agree
closely with Elles and Wood's description.
Horizon.— A few specimens only of this
variety were collected from zones 4 and 5
in the upper part of the Marathon lime-
stone (collections26, 69, and 90).Ruede-
mannrecords the variety from zone1 (the
Tetragraptus zone) of trieDeepkill shale in
New York and from the Glenogle shale in
British Columbia. Elles and Wood's type
specimens camefrom the upper part of the
Skiddaw slates.
DIDYMOGRAPTUS NITIDUS (Hall)
PI. 8, fig. 11
Graptolithus nitidus Hall, 1858, Canada Geol.
Survey, Rept. Prog, for 1857, p. 129.
Bureau ofEconomic Geology, The University of Texas62
Didymograptus nitidus Elles and Wood, 1901,
Mon.British Grapt., pp. 10-11, text fig. sa-d,
pi.1, figs. 2a-e.
Didymograptus nitidus Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 339-340, pi. 55,
figs.11-14,pi. 56,fig.21.
Remarks.— The Texas specimens agree
closely with the specific description by
Ruedemann.
Horizon.— Ruedemann (in Sellards,
1933) first listedD.nitidus fromtheMara-
thon limestone. The writer collected speci-
mens of the species from several localities
in zones 3, 4,5, and 6 of the middle and
upper parts of the Marathon limestone
(collections 26, 36, 39, 66, 68, 69, 71, 79,
90, 91, and 101). Ruedemann found the
species in graptolite beds 1and 2 (Tetra-
graptuszone) of theDeepkill shale inNew
York. Raymond (1914) lists it from zone
C-lof the Levis shale inQuebec andMiser
and Purdue (1929) listit from theMazarn
shale in theOuachitaMountains inArkan-
sas. Elles and Wood state that the form is
widely distributed in the middle part of
the Skiddaw slates in theBritish Isles,and
Harris and Keble (1932) show it ranges
through the Bendigo and beds nowplaced
in the Chewton series in Victoria, Aus-
tralia.
DIDYMOGRAPTUSNODOSUS Harris
PL 12, fig. 3
Didymograptus nodosus Harris, 1926, Royal Soc.
Victoria,Proc. (n.s.), vol. 38, p. 56, pi.1, figs.
1-4.
Didymograptus nodosus Harris and Thomas,
1935,Royal Soc. Victoria,Proc. (n.s.),vol. 47,
p. 295, fig. 2, no. 27.
Remarks.— The Texas specimens of this
speciesarepoorlypreserved,but theyagree
in all characters with the specific descrip-
tionbyHarris (1926).Thespeciesischar-
acterized by distinctive thecae which are
curved tubes arranged so that each arises
from the preceding theca about halfway
along its dorsal margin, then runs parallel
with that theca and continues beyond its
aperture. The apertural margins are
straight and make an acute angle with the
axis of the stipe. The stipesaremarked by
small trumpet-shaped promontories which
are formed by the aperture of one theca
and the heel of its successor. The Texas
specimens do not show the thecal spines
which Harris and Thomas (1935) de-
scribedon some specimens of this species.
Horizon.— Specimens of D. nodosus
were collected from the upper part of the
Fort Pefia formation, zone 9 (collections
16, 28, 98, and 152). Harris (1935) re-
cords the species as very common in the
zone of Diplograptus decoratus in the
upper part of the Middle Ordovician of
Victoria, Australia. Its associates in both
the Marathon and Australian sequences
include Cryptograptus schaferi, Trigono-
graptusensiformis,and Isograptus forcipi-
formis.
DIDYMOGRAPTUSNOVUS Berry, n. sp.
PI.5, fig.6, 7
Description.— The stipesare amaximum
of 6 mm in length. They widen rapidly to
a width of 0.4 mm and maintain that
width throughout. The sicula is suspended
from a fairly long nema (2 to 3 mm in
length) and is about 0.8 mminlength.The
stipesdiverge fromit atabout a 180-degree
angle and remainstraight for the greater
part of their lengthbut curve slightly up-
ward at their distal ends. The thecae num-
ber 5 to 6 in5 mm, are four times as long
as they are wide, overlap one-half to two-
thirds their length, and are inclined at an
angleof 25 to 30 degrees to the stipe. The
apertural margins arestraight and are in-
clined atan angle of100 to 105 degrees to
the stipe. This form resembles D.serpens
(Monsen,1937, p. 131) but differs from it
in the larger angle of divergence of the
stipes,in the shorter lengthof thestipes,in
the shorter sicula,and intheslightlyhigher
angle of inclination of the thecae to the
stipe.
Horizon.— Specimens of this species
were collected from the lower part of the
Marathon limestone, zone 2 (collections
72C, 72D, and 72E). This is the earliest
didymograptid to occur in the Marathon
succession.
Holotype.— Yale Peabody Museum No.
20254.




Soc. America Mem. 19, pp. 340-341, pi. 54,
figs. 30-32.
Remarks.— The Texas specimens agree
well with Ruedemann's specific descrip-
tion.
Horizon.— Specimens of D. pacificus
were collected from the lowerpart of the
Fort Pena formation, zone 8 (collections
107 and 140). Ruedemann's types of the
species came from the Sarback formation
on Fossil Mountain 8.7 miles northeast of
the Lake Louise Station on the Canadian
Pacific Railway, Alberta,Canada.
DIDYMOGRAPTUS PARAINDENTUSBerry, n. sp.
PI.11, figs.1, 2
Description.— The stipes diverge from
the sicula at an initial angle of 60 degrees
then incurve andbecome subparallel.They
widen rapidly to a maximumof 1mmand
maintain that width throughout and are a
maximumof 1.2 cm inlength. The sicula is
1.5 mm in length,0.6 mm in width at its
base, and tapersrapidly towards its apex.
The thecaenumber 12 to14 in10 mm, are
three times as long as they are wide, over-
lap about one-half their length, and are
inclined at a 25- to 30-degree angle to the
stipe. The apertural margins are slightly
concaveandsmallmucrosarepresent.This
form resembles D. indentus but differs
from it in having more closely set thecae
and amuch shorter sicula.
Horizon.— Specimens of this species
were collected from the lower partof the
Fort Pena formation, zone 8 (collections
61A and 141).




Graptolithus patulus Hall, 1858, Canada Geol.
Survey, Rept. Prog, for 1857, p. 131.
Didymograptus patulus Elles and Wood, 1901,
Mon. British Grapt., pp. 13-14, text figs. Ba, b,
pi.1, figs. Ba-c.
Didymograptus patulus Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 341-342, pi. 55,
figs.17-22,pi.56, figs.16,17.
Remarks.— The Texas specimens agree
fully with the descriptiongiven by Ruede-
mann.D.patulus is quite similar toD.ni-
tidus,but the forms identifiedby the writer
asD.patulus have wider andmorerapidly
wideningbranches and more inclined and
curved thecae that areless closely arranged
than in D.nitidus.
Horizon.— D.patulus was first reported
inthe Marathon limestone by Ruedemann
(in Sellards, 1933). The writer collected
the species from zones 4, 5, and 6 of the
upper part of the Marathon limestone,
where it is abundant (collections 23, 25,
26, 32, 68, 69, 91, 102, and 115). D.
patulus is common in the horizons
characterized by Tetragrapti and Didymo-
grapti but does not persist to the zone of
D.bifidus. In New York, Ruedemann re-
cords the species as common in zone 1
(Tetragraptus zone) of the Deepkill shale.
Hall's type material came from the Levis
shale in Quebec. Gurley (1896) lists it
from themainTetragraptus zone butRay-
mond (1914) didnot mention it. D.patu-
lus occurs in England in the middle and
upper Arenig in Shropshire and in the
lower Llanvirn of St. David's district in
Wales associated withD.bifidus,D.artus,
and D.nicholsoni. D.patulus ranges into




Didymograptus protobifidus Elles, 1933, Geol.
Survey Great Britain, Summ. Prog, for 1932,
p. 98, figs. 1-3.
Didymograptus protobifidus Ripper,1937, Royal
Soc. Victoria,Proc. (n.s.), vol.49, pp. 154-156,
text fig. 1.
Didymograptus protobifidus Ruedemann, 1947,
Geol. Soc. America Mem. 19, pp. 343-344, pi.
54, fig. 18.
Remarks.— There appears to be con-
siderable variation in the forms referred
to D. protobifidus by various workers.
However, the Texas specimens clearly fall
within the rangein variation in thespecies
as delimited by Elles. The rhabdosomes of
the Texas specimens are small. The stipes
range from1to 2 cm in length and are0.5
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to0.7 mmwide at their originand increase
to a maximum of 1.3 mm distally. They
diverge initially at about 90 degrees but
sooncurve so that theybecomesubparallel.
The thecae number 12 to 14in 10mm,are
free one-half their length, are inclined at
a low,variable angle (20 to45 degrees) to
the axis of the stipe, and are slightly
curved distally with apertural margins
slightly oblique to the axis of the stipe.
Horizon.— D. protobifidus is the most
characteristic element of zone 6 in the
upper part of theMarathon limestone and
gives its name to that zone. The species is
very common in the zone (collections 23,
24F, 25, 30, 40, 40A, 52, 64, and
115) and is confined to it. Ruedemann
records the species from the West Spring
Creek limestone of the Arbuckle groupin
the Arbuckle Mountains, Oklahoma, and
from the limestone near Smithville, Ar-
kansas. The writer has collected specimens
of the species from the Deepkill shale in
New York.D.protobifidus is found in the
British Isles in themiddle and upper parts
of the Skiddaw slates in the zones of D.
extensus and D.hirundo. In Australia,D.
protobifidus is the characteristic element
in the faunas of the lower two zonesof the
Chewton series of the Lower Ordovician.
The species occurs in the British, Mara-
thon,andVictorian sequenceswithextensi-




Didymograptus protoindentus Monsen, 1937,
Norsk. Geol. Tidsskr.,Bd.16, pp. 148-149, taf.
2, figs. 40, 46, 47, 54, taf. 5, fig. 1, taf. 10, figs.
16, 17.
Remarks.— The Texas specimens agree
closely withMonsen's specific description.
Horizon.— Specimens of D.protoinden-
tus were collected from one locality only
(collection 20), which is in zone 7, the
highest beds of the Marathon limestone.
Monsen's types came from the zone of
Phyllograptus densus of the lower Didy-
mograptus shales in Norway.
DIDYMOGRAPTUS SAGITTICAULIS Gurley
Didymograptus sagitticaulis Gurley, 1896, Jour.
Geol., vol. 4, p. 68.
Didymograptus sagitticaulis Ruedemann, 1908,
New York State Mus. Mem. 11, pp. 248-251,
text figs. 151-155, pi.14, fig. 3.
Didymograptus sagitticaulis Ruedemann. 1947,
Geol. Soc. America Mem. 19, pp. 344-345, pi.
55, figs. 3-5, pi. 56, figs. 12-14.
Remarks.— The Texas specimens agree
well withRuedemann's specific description
except that the thecae number 6 to 10 at
the proximal end of the stipes, whereas the
thecae number 7 in 10 mm in the same
part of the stipe in the typematerial.
Horizon.— D.sagitticaulis was collected
from zone12, the upperpart of the Woods
Hollow shale (collections 94A and 94C).
The types of the species were collected
from the Normanskill shale near Albany,
New York, and the species has been re-
ported in the Normanskill shale at several
other localities. Ruedemann also reports
the species from the Glenogle shale in
British Columbia and the Womble shale in
Arkansas.Decker (1952) lists it from sev-
eral localities of the "Athens" shale in
Virginia and Tennessee.
DIDYMOGRAPTUS SERRATULUS (Hall)
Graptolithus serratulus Hall, 1847, Paleontology
of New York, vol. 1, p. 274, pi. 74, figs. sa-b.
Didymograptus serratulus Elles andWood, 1901,
Mon. British Grapt., pp. 29-30, text figs. 18a,
b, pi. 2, figs. 7a, b.
Didymograptus serratulus Ruedemann, 1947,
Geol. Soc. America Mem. 19, pp. 346-347, pi.
54, figs. 49-51.
Remarks.— The Texas specimens are
poorlypreserved,but they appearto agree
with the description givenby Ruedemann.
Horizon.— Specimens of D. serratulus
were obtained from zones 11and 12, the
upperpartof theWoodsHollow shale (col-
lections 94A, 100, 104, 105, and 127).
Ruedemann's types of this species came
from the Normanskill shale at Kenwood,
New York. The species has been recorded
from other localities in the Normanskill
shale and from the Stringtown shale in
Oklahoma and the Womble shale in Ar-
kansas. Elles and Wood report the species
in the Glenkiln shales of South Scotland
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and Etheridge (1878) listed the species
inhis catalogue of Australian fossils.
DIDYMOGRAPTUS SIMILIS (Hall)
Graptolithus similis Hall, 1865, Canadian Or-
ganic Remains, p. 78, pi. 2, figs. 1-5.
Didymograptus similis Ruedemann, 1947, Geol.
Soc. America Mem. 19,p. 347, pi. 55, figs. 37-
-40.
Remarks.— The Texas specimens agree
fully with the descriptionof thisspecies by
Ruedemann.
Horizon.— D.similis wascollected from
zones5, 6, and 7 of the upper part of the
Marathon limestone (in collections 26, 47,
64, 67, and 70). Ruedemann states that
thisspecies is commonin the zoneof D.bi-
fidus (graptolitebeds 3 and5) of theDeep-
kill shale inNew York. Raymond (1914)
lists it in zone C-l of the Levis shale in
Quebec and Miser and Purdue (1929) list
it from the Mazarn shale in the Ouachita
Mountains. Harris and Thomas (1938b)
figureD. similis as one of the characteris-
tic species of the Bendigo series in Vic-
toria,Australia.
DIDYMOGRAPTUS SUBTENUIS (Hall)
Graptolitus tenuis (Portlock?) Hall,1847, Pale-
ontology of New York, vol. 1, p. 272, pi. 74,
figs. 2a-d.
Didymograptus subtenuis Ruedemann, 1908,
New York State Mus. Mem. 11, pp. 253-255,
text figs. 160, 161, pi.14, figs. 1, 2.
Didymograptus subtenuis Ruedemann, 1947,
Geol. Soc. AmericaMem.19, pp. 348-349, pi.
55, figs. 6, 7, pi. 56, figs. 5, 6.
Remarks.— The Texas specimens agree
well with Ruedemann's specific descrip-
tion.
Horizon.— A few specimens of this spe-
cies werecollected from the lower part of
the Woods Hollow shale, zone 11 (collec-
tion 137). The type specimens came from
the Normanskill shale at Kenwood, New
York. Other localities in the Normanskill
shale have also yielded specimens of this
species.Ruedemann records it in the Glen-
ogleshale inBritishColumbia,and Decker




Didymograptus v-deflexus Harris, 1924, Royal
Soc. Victoria, Proc. (n.s.), vol. 36, pp. 93-94,
pi. 7, figs. 1, 2.
Remarks.— The Texas specimens agree
fully with the specific description by Har-
ris.
Horizon.— Specimens of this species
werecollected from only one locality (col-
lection 141),which is the lowerpartof the
Fort Pena formation, zone 8. Harris and
Thomas (1938b) figure it as one of the
characteristic species of the Yapeen series
of Victoria, Australia, where it occurs
with the same associates {Cardiograptus
and Oncograptus) as it does in the Mara-
thon region.
Genus CARDIOGRAPTUS Harrisand Keble, 1916
CARDIOGRAPTUS CRAWFORDI Harris
PI.11, fig. 12
Cardiograptus crawfordi Harris, 1926,RoyalSoc.
Victoria, Proc. (n.s.), vol. 38, p. 57, pi. 1, figs.
5-7.
Cardiograptus crawfordi Harris and Thomas,
1935, Royal Soc. Victoria, Proc. (n.s.),vol.47,
p. 306, fig. 2, no. 26.
Remarks.— The Texas specimens are
small,being5 to 6mmin length and 3.5 to
4 mm in width, but they agree in every
respect with the description by Harris.
Harris states that the usual dimensions are
7 mm in length and 5 mm in breadth but
that "many specimens are smaller."
Horizon.— C.crawfordiisa commonele-
mentof the fauna of zone 8. It is found in
the lower part of the FortPena formation
at several localities (collections 42, 61A,
62, and 140).Harris (1935) lists the spe-
cies from the zones of Diplograptus dec-
oratus and Glyptograptus intersitus of the
Victorian Middle Ordovician. C. craw-
fordioccurs with C. morsus,Oncograptus,
and Isograptus caduceus var. maxima in
the Marathon sequence, but it occurs with
Trigonograptus ensiformis, Hallograptus
etheridgei, and Cryptograptus schaferi in
the Victorian succession. The species ap-
pears earlier in the Marathon sequence
than it does in the Australian.
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CARDIOGRAPTUS MORSUS Harris andKeble
PI.11, figs.13,14
Cardiograptus morsus Harris and Keble, 1916,
inHarris,1916, Royal Soc. Victoria,Proa,vol.
29,pi.1, figs. 1-4.
Cardiograptus morsus Harris, 1924, Royal Soc.
Victoria, Proc. (n.s.), vol. 36, pp. 95-96.
Remarks.— The Texas specimens agree
closely with the specific description by
Harris (1924).
Horizon.— C. morsus is a characteristic
element of the fauna of zone 8 in theMara-
thon sequence. The species was found in
the lower part of the Fort Pena formation
(collections 42, 107, 140,and 141) where
it occurs with Oncograptus upsilon and
several varieties of Isograptus caduceus.
Harris and Thomas (1938b) state that C.
morsus is the characteristic species of the
upper zone of the Yapeen series in Vic-
toria, Australia.
Genus ISOGRAPTUSMoberg, 1892
ISOGRAPTUS CADUCEUS var. DIVERGENS Harris
PL 11, fig. 6
Isograptus caduceus var. divergens Harris, 1933,
Royal Soc. Victoria,Proc. (n.s.), vol. 46, p. 91,
text figs. 14-18.
Remarks.— The Texas specimens are
like Harris' figures except that in most of
the specimens, the stipes are inclined at a
slightly larger angle than those figured by
Harris. Some specimens show a distinct
web structure at the axilmuch like Harris'
text figure 17.
Horizon.— Specimens of this variety
werecollected from both the lower part of
the Fort Pena formation, zone 8 (collec-
tions110 and 141),and the upperpartof
the formation, zone9 (collection 15).Har-
ris (1933) records the variety from beds
now included in the upper zone of the
Yapeenseries inVictoria,Australia,where
its associates include forms (Cardio-
graptus and Trigonograptus) found in
zone 8 in the Marathon sequence. Further,
Harris (1935) lists the variety divergens
from the lowest zone (zone of Glyptograp-
tus austrodentatus) of the Middle Ordo-
vician in Victoria; its associates include
several forms (G. austrodentatus,Isograp-
tus forcipiformis, and Tetragraptus serra)
found in zone9 of the Marathon sequence.
ISOGRAPTUS CADUCEUS var. IMITATAHarris
Isograptus caduceus var. imitata Harris, 1933,
Royal Soc. Victoria, Proc. (n.s.), vol. 46, p.
92, text figs. 55-59.
Remarks.— The Texas specimens are
like Harris' text figures55-58.
Horizon.— Specimens of this variety
were collected from the upper part of the
Fort Pena formation, zone 9 (collections
42 and 152).Harris reports the variety to
be common in the highest zoneof theCas-
tlemaine series in Victoria, Australia.
ISOGRAPTUS CADUCEUS var. LUNATA Harris
Isograptus caduceus var. lunata Harris, 1933,
Royal Soc. Victoria,Proc. (n.s.), vol. 46,p. 90,
text figs. 3-6.
Remarks.— The Texasspecimensarelike
Harris' text figures 3 and 5. The stipes
show only aslight variation in width (1.0
to 1.2 mm).
Horizon.— Specimens of the variety
werecollected from thehighestbeds of the
Marathon limestone, zone 7 (collection
70),and from the Alsate shale (collections
18 and 113), which comprises the lower
part of zone 8. In Victoria, Australia, ac-
cording to Harris, the variety ranges from
the upper part of the Chewton series,
where it is rare, into the lowest part of the
Castlemaine series, where it is the charac-
teristic form of the lowestzone.Spjeldnaes
(1953) has reported the formfrom the up-
permost part of the lower Didymograptus
shale, zone 3be exposed at Slemmested
near Oslo,Norway.
ISOGRAPTUS CADUCEUS var. MAXIMA Harris
PL 11, fig. 8
Isograptus caduceus var. maxima Harris, 1933,
Royal Soc. Victoria,Proc. (n.s.),vol. 46, p. 91,
text figs. 11and 12.
Remarks.— The Texas specimens are
like Harris' figures except that in some
specimens, thestipes enclose a lesser angle
than the figured forms.
Horizon.— Specimens of this variety
were collected from the lower partof the
Fort Pena formation, zone 8 (collections
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61A, 88, 95, 107, 110, and 129).Harris
records the variety from the middle and
upper zones of the Castlemaine series in
Victoria, Australia, and it is a character-
istic form of the upper zone. It is associ-
ated with /. caduceus var. victoriae and 7.
caduceus var. maximo-divergens in the
Australian sequence and is found in beds
below those withOncograptus and Cardio-
graptus. In the Marathon succession, the
varieties victoriae, maxima, and maximo-
divergens and Oncograptus and Cardio-
graptus areall found together.
ISOGRAPTUS CADUCEUS var. MAXIMO-DIVERGENS
Harris
PI. 11, fig. 11
Isograptus caduceus var. maximo-divergens Har-
ris. 1933, Royal Soc. Victoria, Proc. (n.s.),
vol. 46, p. 91, fig. 13.
Isograptus walcottorum Ruedemann, 1947, Geol.
Soc. America Mem. 19, p. 354, pi. 57, figs.
26-36.
Remarks.— The Texas specimens agree
well withHarris' figure 13. The stipes of
the Texas specimens measure 5 mm in
width and enclose anangle of 45 to 55 de-
grees between them. Ruedemann's figures
of I.walcottorum also agree with Harris'
figures of this varietyof /.caduceus.
Horizon.— Specimens of this variety
were obtained from the lower part of the
Fort Pefia formation, zone 8 (collections
88 and 141), where they are associated
with Oncograptus upsilon and /.caduceus
var. victoriae. Ruedemann's specimens
came from the Glenogle shale in British
Columbia.Harrisrecords this varietyfrom
the highest zone of the Castlemaine series,
only, in Victoria, Australia, where it oc-
curs in beds below those with O. upsilon
and above those with /.caduceus var.vic-
toriae.
ISOGRAPTUS CADUCEUS var. VICTORIAE Harris
PL 11, fig. 7
Isograptus caduceus var. victoriae Harris, 1933,
Royal Soc. Victoria, Proc. (n.s.), vol. 46, p.90, text figs.7-10.
Remarks.— The Texas specimens agree
with Harris' figures.
Horizon.— This variety is a common
form in the lower part of the Fort Pefia
formation, zone8 (collections 10,95, 98A,
110, 140, and 141).Harris states that the
formis the diagnostic element of themid-
dle zone of the Castlemaine series in Vic-
toria, Australia. In the Marathon region,
the variety is associated with Cardiograp-
tus, Oncograptus, and the morerobust va-
rietiesof /.caduceus, while in Australia,it
occurs inbeds older than those containing
Cardiograptus and Oncograptus.
ISOGRAPTUS FORCIPIFORMIS var. LATUS
Ruedemann
PL 12, fig. 1
Isograptus forcipiformis var. latus Ruedemann,
1947, Geol. Soc. America Mem. 19, p. 353, pi.
57, figs. 41, 42.
Remarks.— Ruedemann established this
variety for formsinwhich the width of the
stipes remains constant for the greaterpart
of their length. Otherwise, the variety
agrees with the typical form in all charac-
ters. The Texas specimens agree well with
Ruedemann's description of this varietyex-
cept that the stipes are slightly narrower
than the described material. The stipes of
the Texas specimens are 2.5 to 2.8 mm iri
width whileRuedemann gives astipe width
of 3.0 mm.
Horizon.— Specimens of this variety
were collected from the upper part of the
Fort Pena formation, zone 9 (collections
15, 16, and 28). Ruedemann's type ma-
terial came from the Blakely sandstone in
Arkansas. Harris (1935) lists /. forcipi-
formis from the lower three zones of the
Middle Ordovician of the Victoria, Aus-
tralia,sequence.
ISOGRAPTUS MANUBRIATUS (T. S. Hall)
PI.11, fig.5;PL 12, fig. 4
Didymograptus caduceus var. manubriatus T. S..
Hall, 1914, Royal Soc. Victoria, Proc. (n.s.)^
vol. 27, pp. 108-109, pi. 17, fig. 12 (not fig.
13).
Isograptus manubriatusHarris, 1933, Royal Soc
Victoria,Proc. (n.s.), vol. 46, pp. 102-104, pi..
6, figs. la-i.
Remarks.— Harris (1933) fully dis-
cusses the character of /.manubriatus,and
the Texas specimens agreeclosely withhis
description.
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Horizon.— /.manubriatus was found in
the lower and middle parts of the Fort
Pena formation, zones8 and 9 (collections
61A, 110, and 111). Harris records it
from the Yapeen series of Victoria, Aus-
tralia. It is associated with Oncograptus
upsilon and Isograptus caduceus var. di-
vergens in both the Marathon and Aus-
tralian assemblages.
ISOGRAPTUS OVATUS (T. S. Hall)
Didymograptus ovatusT.S.Hall,1902,Rec. Geol.
Surv.Victoria, p. 33, fig.1.
Isograptus ovatus Harris, 1933, Royal Soc. Vic-
toria, Proc. (n.s.), vol. 46, pp. 105-106, text
figs. 45, 46.
Remarks.— The Texas specimens agree
well with thespecificdescriptionbyHarris.
Horizon.— A few specimens of /. ovatus
were collected from the upper part of the
Fort Pena formation, zone 9 (collection
13). Harris records the species from the
youngest zone of the Middle Ordovician
inVictoria,Australia.
Genus ONCOGRAPTUS T.S. Hall, 1914
ONCOGRAPTUS UPSILON T.S. Hall
PL11, figs. 10,15
Oncograptus upsilon T. S. Hall,1914, Royal Soc.
Victoria, Proc. (n.s.), vol. 27, p. 109, pi. 17,
fig. 14.
Oncograptus upsilon Ruedemann, 1947, Geol.
Soc. America Mem.19, pp.355-356, pi. 58, fig.
5.
Remarks.— The Texas specimens agree
closely with T.S. Hall's specific descrip-
tion.
Horizon.— Ruedemann (in Sellards,,
1933) first reported O. upsilon from the
Marathon region, and the writer found it
to be fairly common in the lower part of
the Fort Pena formation, zone 8 (collec-
tions 618,107,110,140, and 141).Harris
andThomas (1938b) figure the species as
a common form in the Yapeen series in
Victoria,Australia,and state that it is the
characteristic element of thelower zoneof
that series.
ONCOGRAPTUS UPSILON var. BIANGULATUS
(Harris and Keble)
Oncograptusbiangulatus Harrisand Keble,1916,
inHarris, 1916,Royal Soc. Victoria,Proc, vol.
29,pi.1, figs.7-9.
Oncograptus biangulatusHarris,1924, RoyalSoc.
Victoria,Proc. (n.s.),vol.36, p. 96.
Oncograptus upsilon var. biangulatus Harris,
1933, Royal Soc. Victoria,Proc. (n.s.),vol. 46,
p. 96, text figs. 23, 24.
Remarks.— -The Texas specimens agree
with Harris' (1933) text figure 23 and
withhis discussionof the variety.
Horizon.— Specimens of this variety
were collected from the lower part of the
Fort Pena formation, zone 8 (collections
140 and 141). Harris records the variety
from both zones in the Yapeen series in
Victoria, Australia. The species has the
same associates (Cardiograptus,O.upsilon,
and Didymograptus v-deflexus) in both
the Victorian and Marathon sequences.
Bulman, 1944Family Corynoididae
Genus CORYNOIDES Nicholson, 1867
CORYNOIDES CALICULARIS Nicholson
PL 15, fig. 5
Corynoides calicularis Nicholson, 1867, Geol.
Mag., vol. 4, p. 108, pi. 7, figs. 9-11.
Corynoides gracilis Ruedemann, 1947, Geol.Soc.
America Mem.19, p. 361, pi. 58, figs. 34-37a.
Corynoides gracilis mut. perungulatus Ruede-
mann, 1947, Geol. Soc. America Mem. 19, p.
361, pi. 58, figs. 38-46.
Corynoides calicularis Strachan, 1949, Geol.
Mag.,vol. 86,pp. 156-157, text fig. 1.
Not. Corynoides calicularis Ruedemann, 1908,
New York State Mus. Mem. 11, p. 234, text
figs. 126-131, pi. 13, figs. 1, 6-8.
Remarks.— Inhis revision of the genus
Corynoides, Strachan (1949) hasbrought
up to datethe synonymyof this species and
apart of it is givenabove.The Texasspeci-
mens agree with Ruedemann's description
of C. gracilis mut. perungulatus. Strachan
states that the American forms C. gracilis
and C. gracilis mut. perungulatus agree
well with what is accepted as C.calicularis
in Britain, and the writer, following this
opinion, includes the Texas forms in the
species C.calicularis.
Horizon.— C. calicularis is a relatively
commonform in zones11 (collections 104,
122, 125, and 139) and 12 (collections
94A and 136) in the Woods Hollow shale.
Ruedemann records C.gracilismut.perun-
gulatus as abundant in the Normanskill
shale in New York, the Womble shale in
Arkansas, and the Stringtown shale in
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Oklahoma. Healso reportsC.gracilis from
the Normanskill and Snake Hill shales in
New York and the Stringtown shale in
Oklahoma. Strachan states that C. calicu-
laris is common in the zone of Climaco-
graptus wilsoni and also found in the suc-
ceedingzone— that of Dicranograptusdin-
gani inthe British Isles. TheAmerican oc-
currences of C. calicularis areslightly ear-
lier than those in the British Isles.
CORYNOIDES INCURVUS Hadding
Corynoides incurvus Hadding,1915,Lunds. Univ.
Arsskr., N.F., Afd. 2, Bd. 11, p. 25, pi. 3,
figs. 24-27.
Corynoides calicularis Ruedemann, 1908, New
York State Mus. Mem. 11, p. 234, text figs.
126-131, pi.13, figs. 1, 6-8.
Corynoides curtus mut. pristinus Ruedemann,
1947. Geol. Soc. America Mem. 19, p. 360, pi.
58, figs. 30-33.
Corynoides incurvus Strachan, 1949, Geol.Mag.,
vol. 86, pp. 158-159, text fig. 3.
Remarks.— The Texas specimens were
compared to material identified as C. cur-
tus mut. pristinus by Ruedemann and
wereconsidered to be identical to it.Fur-
ther, the measurements of specimens of
this species agree with the description
given by Strachan for the species C. in-
curvus. Following Strachan's suggestion,
the writer includes the Texas specimens
and Ruedemann's form C. curtus mut.
pristinus in the species C. incurvus.
Horizon.— Only a few specimensof this
species were found in Texas. They were
collected from the Woods Hollow shale,
zones 11 (collection 104) and 12 (collec-
tion 105). Ruedemann records C. curtus
mut.pristinus from the Normanskill shale
in New York and from low in the Viola
limestone in Oklahoma. Strachan reports
C. incurvus from the Hartfell shales in the
zone of Dicranograptus clingani. The
American representatives of this species
appearslightly earlier than do theEnglish
forms.
CORYNOIDES TRICORNIS Ruedemann
Corynoides tricornis Ruedemann, 1947, Geol.
Soc. AmericaMem. 19,p. 362, pi. 58, figs. 61-
-64.
Remarks.— The Texas specimens agree
well with Ruedemann's specific descrip-
tion. Thecharacteristic elementof this spe-
cies is the. needlelike apertural spine with
which each theca is provided. The rhab-
dosome is easily recognized by its short
(4mm),narrow (0.3 to 0.5 mm) sizeand
the apertural spines.
Horizon.— Specimens of C. tricornis
werecollected from thelower and middle
partsof the WoodsHollow shale,zones 11
(collection137) and 12 (collection103).
Ruedemann's typematerial came from the
lower part of the "Athens" shale near
Bristol, Tennessee. He also reports it in
the Glenogle shale inBritish Columbia.
Family Cryptograptidae Hadding, 1915
Genus CRYPTOGRAPTUS Lapworth,1880
CRYPTOGRAPTUS SCHAFERI (Lapworth)
PI. 12, figs. 7, 8
Cryptograptus tricornis var. schaferi Lapworth,1880, Ann. Mag. Nat.Hist., vol. 5, pi. 5, figs.
28a, b.
Cryptograptus tricornis var. schaferi Elles and
Wood. 1908, Mon. British Grapt., p. 299, text
figs. 201a, b, pi. 32, figs. 13a-c.
Cryptograptus schaferi Bulman, 1933, Quart.
Jour.Geol. Soc. London,vol. 89, pp. 352-353.
Cryptograptus schaferi Harris and Thomas,1935,
Royal Soc. Victoria, Proc. (n.s.), vol. 47, p.
304, fig. 3, nos.11, 12.
Remarks.-— Bulman raised Lapworth's
variety schaferi of C. tricornis to specific
rank, and the writer follows this opinion.
C. schaferi is 2.0 mm in width, whereas
C. tricornis is 1.5 mm in width,and the
short free edges of the thecae inC.schaferi
give rise to distinct mucronate extensions.
Further, there are no conspicuous basal
spines in C. schaferi whereas in C. tri-
cornis such spines are prominent. The
rhabdosomes of the Texas specimens are
15 to20 mm in length, parallel sided, and
have a breadth of about 2.0 mm. The
thecae number 11 to 12 in 10 mm and
have conspicuous mucronate extensions.
The initial two thecae appear to have
grown downward before upward growth
commenced.
Horizon.— The species is commoninthe
upper part of the Fort Pefia formation.,
zone9 (collections 13, 14,15, 28, and98).
Elles and Wood record the species from a
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youngerhorizon, the zoneof Nemagraptus
gracilis, in the Glenkiln shales in the
British Isles. Harris and Thomas (1938)
state that it is common in the middle two
zones (zones of Glyptograptus intersitus
and Diplograptus decoratus) of theMiddle
Ordovician of Victoria, Australia. The
Texas specimens occur with similar as-
semblages to those with which the species
occurs in Australia. Probably all of the
Middle Ordovician forms referred to C.
tricornis by the several Australianauthors
should be referred to C. schaferi; there-
fore, C. tricornis would not have as long
a range inAustralia as would appearfrom
the literature.
CRYPTOGRAPTUS TRICORNIS (Carruthers)
PL 15, fig. 9
Diplograpsus tricornis Carruthers, 1858, Royal
Phys. Soc. Edinburgh, Trans., vol. 1, p. 468,
fig. 2.
Cryptograptus tricornis Elles and Wood, 1908,
Mon. British Grapt., pp. 296-298, text figs.
200a-j, pi. 32, figs. 12a-d.
Cryptograptus tricornis Ruedemann,1947, Geol.
Soc. AmericaMem. 19, p. 446, pi. 76, figs. 23-
-33.
Cryptograptus tricornismut. insectiformis Ruede-
mann.1947, Geol.Soc. AmericaMem. 19, pp.
446-447, pi. 76, figs. 34-41.
Remarks.-— The Texas specimens agree
closely with the specific description by
Elles and Wood. Bulman (personal com-
munication, September 1956) states that
heconsiders C. tricornis mut. insectiformis
to be merely an immature scalariform
view of C. tricornis,and the writer concurs
with this opinion.
Horizon.— C. tricornis is common in the
WoodsHollow shale where it was collected
from both zones 11 (collections 49, 104,
122, 125,137, 139,and 150) and 12 (col-
lections 94A,948,100,103,105,and 136).
Ruedemann reports C. tricornis as com-
monin theNormanskill shale inNewYork,
and that it is known from theMagogshale
in Quebec, the Womble shale in Arkansas,
the Stringtown shale and Viola limestone
in Oklahoma, and the Glenogle shale in
British Columbia. Further,he records C.
tricornismut. insectiformisfrom the Snake
Hill shale inNewYork and from the Viola
limestone. In theBritish Isles,C. tricornis
is a long-ranging species. Elles and Wood
state that it is abundant in the zones of
Didymograptus murchisoni,Nemagraptus
gracilis, Climacograptus peltifer,and Cli-
macograptus wilsoni, and that it is also
found in the zones of Didymograptus ex-
tensus, Didymograptus bifidus, and Di-
cranograptus clingani. Thomas and Keble
(1933) record C. tricornis from the Gis-
bornian and Eastonian series of the Upper
Ordovician inVictoria,Australia.
Genus GLOSSOGRAPTUS Emmons, 1855
GLOSSOGRAPTUS ACANTHUS Elles and Wood
Glossograptus acanthus Elles and Wood, 1908,
Mon.British Grapt., p. 314, text figs. 208a, b,
pi. 33, figs. 4a-c.
Glossograptus acanthusHarris andThomas,1935,
Royal Soc. Victoria, Proc. (n.s.), vol. 47, pp.
302-303, fig. 3, nos. 13-16.
Remarks.— The Texas specimens agree
well withElles and Wood's specific descrip-
tion except that no septal spines were ob-
served. However,Elles and Wood werenot
certain that septal spines were present.
Thepreservation of the Texas specimens is
such that it is difficult to see both of the
apertural spines belonging to each theca
(Elles and Wood also mention that more
than one of the two apertural spines is
rarely seen),but the two spines appear to
bepreservedonealmost on top of theother,
so that theprocess which extends out from
the aperture of each theca appears thicker
than it really is. G. acanthus is readily
recognized by its subfusiform outline, its
breadth (up to 4 mm), and its robust
spines.
Horizon.— Specimens of G. acanthus
were collected from the upper part of the
FortPefia formation, inzone 9 (collections
13, 14, and 149), where it occurs with
Hallograptus etheridgei, Trigonograptus
ensiformis, and Glossograptus hincksii.
Elles and Wood reportthat G.acanthus oc-
curs in the zonesof Didymograptus bifidus
and D. extensus of the Arenig, Skiddaw
slates in England. Harris and Thomas
(1935) state that G. acanthus is common
in theMiddle Ordovician (zoneof Glypto-
Graptolite Faunas, Marathon Region 71
graptus intersitus) of Victoria, Australia.
It occurs there in an assemblage quite like
that with which it occurs inTexas.It oc-
curs in anolder horizon in England than
it does inTexas and Australia.
GLOSSOGRAPTUS ARMATUS Nicholson
Glossograptus armatus Nicholson, 1869, Ann.
Mag. Nat. Hist.,vol. 4, p. 234, pi.11, fig. 8.
Glossograptus armatus Elles and Wood, 1908,
Mon. British Grapt., pp. 312-313, text fig. 207,
pi. 33, figs. sa-e.
Remarks.— The Texas specimens agree
fully withthe specific descriptionby Elles
and Wood.
Horizon.— A few specimens of G.arma-
tus were collected from one locality (col-
lection 137) which is in the lower part of
the Woods Hollow shale,zone11.Elles and
Wood reportthat the speciesis a rare fossil
in the upperpartof theSkiddaw slates and
intheGlenkiln shale in the British Isles.
GLOSSOGRAPTUS CILIATUS Emmons?
Remarks.— All the Texas specimens are
small and areprobably youngforms. They
arelikeRuedemann's (1947) figuresof the
early stagesof G.ciliatus (pi. 77, figs. 28-
-31) and have, therefore, been referred to
that species. No adult specimens were
found.
Horizon.— The specimens referred to G.
ciliatus werecollected from both zones 11
(collections 104 and 139) and 12 (collec-
tions 94A, 127, and 136) in the Woods
Hollow shale. Ruedemann records G. cili-
atus from the Normanskill shale in New
York, the Womble shale in Arkansas, and
the Viola limestone in Oklahoma.
GLOSSOGRAPTUS HINCKSII (Hopkinson)
PI. 12, fig. 9a
Diplograptus hincksii Hopkinson, 1872, Geol.
Mag., vol. 9, p. 507, pi.12, fig. 9.
Glossograptus hincksii Elles and Wood, 1908,
Mon.British Grapt., pp.309-312, text figs. 205
a-f,pi.33, figs. 2a-j.
Remarks.— -The Texas specimens agree
well with the specific description by Elles
and Wood.
Horizon.— G. hincksiiis a characteristic
species of zone 9 (collections13, 28, and
149), which encompasses the upper part
of the Fort Pena formation. It was also
collected from the lowerpart of the Woods
Hollow shale (collection 137) which is in
zone11.Ellesand Wood report thespecies
to bepresent in the zonesof Nemagraptus
gracilis, Mesograptus multidens, and Cli-
macograptus wilsoni in the British suc-
cession. Harris (1935) lists G. hincksii as
a common fossil in theupper twozonesof
the Middle Ordovician and Thomas and
Keble (1933) list it from the Gisbornian
seriesof theUpperOrdovician inVictoria,
Australia. The species occurs earlier and
does not range as high in the Marathon
and Victorian successions as it does in the
British.
GLOSSOGRAPTUS HORRIDUS Ruedemann
Glossograptus ciliatusmut. horridus Ruedemann,
1908, New York State Mus.Mem.11, pp. 383-
-384,pi.26, figs. 8,9,pi.27, fig.5.
Glossograptus horridus Ruedemann, 1947, GeoL
Soc. America Mem. 19, pp. 451-452, pi. 77,
figs. 17-22.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion.
Horizon.-— Specimens of G. horridus
werecollected from onelocality (collection
28) which is in the upper part of the Fort
Pena formation, zone 9. Ruedemann re-
ports the species in shales from Summit,
Nevada, and from the Glenogle shale in
British Columbia.
GLOSSOGRAPTUSHYSTRIX Ruedemann
Glossograptus hystrix Ruedemann, 1904, New
York State Mus. Mem.7, pp. 724-725, text fig.
101, pi.16, figs. 27-29.
Glossograptus hystrix Ruedemann, 1947, Geol.
Soc. America Mem.19, p. 452,pi. 77, figs. 1-4,
not figs. 5-8.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion and with the figures of theNew York
specimens. The figured forms from Arkan-
sas arenarrowerand possessa distinct vir-
gula. They appear to be a species distinct
fromG.hystrix.
Horizon.— Specimens of G.hystrix were
collected from the upper part of the Fort
Pena formation, zone 9 (collections IS
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and 98).Ruedemann records the species
from graptolite bed 7 (zoneof Diplograp-
tus dentatus) of the Deepkillshale inNew
York,and from the AshHillquarry atMt.
Merino,New York.
Family Leptograptidae Lapworth, 1879
Genus LEPTOGRAPTUSLapworth, 1873
LEPTOGRAPTUS ANNECTANS (Walcott)
Graptolithus annectans Walcott, 1881, Albany
Inst. Trans.,vol. 10 (Adv. sheet 1879), pp. 20,
35, pi. 1, fig. 2, 2a.
Leptograptus annectans, Lapworth, 1887, Royal
Soc. Canada, Proc. Trans., vol. 4, p.183.
Leptograptus annectans Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 362-363, pi. 59,
figs. 1-6.
Remarks.— The Texas specimens are
poorly preserved, but the measurements
agree with the description of L. annectans
byRuedemann.The stipesarelong (4cm)
and thin (0.4 mm increasing to 0.8 mm)
and show a gentle double curvature. They
diverge ata 290-degree angle. The thecae
number 10 in 10 mm, overlap half their
length, and are inclined at 15 degrees.
Horizon.— Specimens of L. annectans
werecollected from onelocality (collection
83A) in the middle part of the Maravillas
chert, which is within zone 14. Walcott's
type came from the Utica shale atHolland
Patent,New York.Ruedemannrecords the
species from theFulton shale atCincinnati
and from the Viola limestone in the Ar-
buckle Mountains,Oklahoma.
LEPTOGRAPTUS FLACCIDUS raut. TRENTONENSIS
Ruedemann
PL 15, fig. 7
Leptograptus flaccidus mut. trentonensis Ruede-
mann,1908,New YorkStateMus.Mem.11, pp.
261-262, text.figs. 172-175, pi.14, figs. 6, 7.
Leptograptus flaccidus mut. trentonensis Ruede-
mann, 1947, Geol.Soc. America Mem. 19, pp.
366-367, pi. 59, figs. 14-17.
Remarks.— -The Texas specimens agree
closely with Ruedemann's description, ex-
cept that the angle of divergence of the
stipes is 240 to 260 degrees in the Texas
specimens while in the types it is 220 to
240 degrees.Inoneof the Texas specimens
the sicula measures 2.0mm in length. The
usual lengthis 1.5mm,according toRuede-
mann's description.
Horizon.— This species was collected
from zone11, the lower part of the Woods
Hollow shale (collections 49, 125, and
139). Ruedemann's types came from the
Normanskill shale in New York, and he
has recorded it from thebase of the Viola
limestonein Oklahoma.
LEPTOGRAPTUS VALIDUS var. INCISUS Lapworth?
Remarks.— The Texas specimens tenta-
tively referred to this variety are poorly
preserved and details are difficult to see.
They have long slender stipes which are
about 0.4 mm in width. The thecae num-
ber 8 to 10 in 10 mm, overlap about one-
third of their extent,andareinclined at an
angle of 15 degrees to the stipe. In these
characters, the Texasspecimens agreewith
the description of L. validus var. incisus,
but the preservation of the sicular region
and the detail of the thecae is too poor to
warrant definite identification.
Horizon.— These forms were collected
from zones 11 (collections 104 and 139)
and 12 (collection 94A) in the Woods
Hollow shale.L. validus var.incisus is re-
corded from the Glenkiln shales of south-
ernScotland by Elles and Wood (1903,p.
115).
Genus NEMAGRAPTUS Emmons,1855
NEMAGRAPTUS EXILIS var. LINEARIS Ruedemann
Nemagraptus exilis var. linearis Ruedemann.
1908, New York StateMus. Mem.11,pp. 290-
-291, text figs. 204, 205, pi.17, figs. 10-12.
Nemagraptus exilis var. linearis Ruedemann,
1947, Geol. Soc. AmericaMem.19, p. 372, pi.
61, figs. 10-14.
Remarks.— The Texas specimens of this
variety arepoorlypreservedbut agreewith
Ruedemann's description. The exceeding
slenderness and the restrictionof the sec-
ondary stipes to a small number at the
distal ends of the main stipes distinguish
thisvarietyfromthe trueTV.exilis.
Horizon.— This variety was found in the
lower part of the Woods Hollow shale,
zones11and 12 (collections104,136,137,
139, and 148). Ruedemann reports the
variety to be present in the Normanskill
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shale in New York, the Glenogle shale in




Graptolithus gradlis Hall, 1847, Paleontologyof
New York,vol.1, p. 274, pi. 74, figs. 6a-d.
Nemagraptus gracilis Elles and Wood, 1903,
Mon.British Grapt.,pp. 127-129, text figs. 76a-
c,pi. 19, figs. la-f.
Nemagraptus gracilis Ruedemann, 1947, Geol.
Soc. America Mem.19,pp. 367-368,pi.60, figs.
1-12.
Remarks.— The Texas specimens agree
well with the specific description by Elles
and Wood and byRuedemann.
Horizon.— N.gracilis wasfound in zone
11 (collections122 and 139), in thelower
partof the WoodsHollow shale.Thespecies
is the most typical, but not the most com-
mon, formof this zone.Hall described the
species from theNormanskill shale inNew
York, and it has since been reported from
Newfoundland, Maine, New Jersey, Vir-
ginia, Alabama, and Arkansas (Ruede-
mann, 1947).Elles and Wood record it as
one of the commonest elements of the
graptolite fauna of theGlenkiln shales,and
Harris and Thomas (1938b) list it as one
of the characteristic species of the lower
part of the Gisbornian series in the Upper
Ordovician of Victoria,Australia.
NEMAGRAPTUS GRACILIS var. SURCULARIS (Hall)
Graptolithus gracilis Hall, 1860, (pars) New
York StateCab. Nat.Hist., 13th Ann. Rept.,p.
56, figs. 1-4.
Coenograptus surcularis Hall, 1868, New York
State Cab.Nat. Hist.,20th Ann. Rept., p. 179,
figs. 13-16.
Nemagraptus gracilis var. surcularis Elles andWood, 1903, Mon.British Grapt., pp. 129-130,
text figs. 77a-c, pi. 19, figs. 2a-d.
Nemagraptus gracilis var. surcularis Ruedemann,
1947, Geol. Soc. America Mem.19, p. 370, pi.
60, figs. 17-24.
Remarks.— The Texas specimens agree
well with Elles and Wood's description.
Horizon.— This variety of N. gracilis
was foundassociated with the typical form
in zone11(collection137),thelower part
of the Woods Hollow shale.Ruedemann re-
cords the variety from the Normanskill
shale of New York and the Stringtown
shale of Oklahoma. Elles and Wood state
that the variety is a "comparatively com-





PL 20, fig. 1
Dicellograptus complanatusLapworth,1880, Ann.
Mag.Nat. Hist.,vol. 5,p. 160,pi. 5, figs.17a-e.
Dicellograptus complanatus Elles and Wood,
1904, Mon. British Grapt., pp. 139-140, text
figs. 84a-e,pi.20, figs. la-d.
Dicellograptus complanatus Ruedemann, 1947,
Geol. Soc. America Mem.19, pp. 376-377,pi.
62, figs. 4-10.
Remarks.— The Texas specimens agree
with the descriptionbyElles and Wood in
the character of the thecae, in number of
thecae (8 to 10 in 10 mm), in the width
of thestipes,and in theangle of divergence
of the stipes (240 to 270 degrees). The
stipes are shorter than those described by
Elles and Wood.
Horizon.— D.complanatus was obtained
from collections made 8 inches and 1inch
from the top of the Maravillas chert, zone
15 (collections 60 and 147). The species
was originally described from the upper
partof theHartfell shales of southernScot-
land. Ruedemann (1947) records it from
the Sylvan shale in the Arbuckle Moun-
tains, Oklahoma, and from thePolk Creek
shale in the OuachitaMountains inArkan-
sas. Harris and Thomas (1938b) report a
Dicellograptus cf. complanatus from the
highest beds of theBolindian series of the
Upper Ordovician in Victoria,Australia.
DICELLOGRAPTUS COMPLANATUS var.
ARKANSASENSIS Ruedemann
PL 20, fig. 2
Dicellograptus complanatus var. arkansasensis
Ruedemann, 1947, Geol. Soc. America Mem.
19, p. 377, pi. 62, figs. 11-15.
Remarks.— The Texas specimens agree
closelywithRuedemann's description.This
variety is similar to the varietyornatusbut
lacks the stout lateral spines so character-
istic of that form.
Horizon.— This varietyof D.complana-
tus was found associated with the typical
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form and the variety ornaius in the top of
the Maravillas chert, zone 15 (collections
60 and 147). Ruedemann (1947) de-
scribed the variety from the Polk Creek
shale inArkansas.
DICELLOGRAPTUS COMPLANATUS var. ORNATUS
Elles and Wood
PL 20, fig. 3
Dicellograptus complanatus var. ornatus Elles
and Wood, 1904, Mon. British Grapt., pp.
140-141, text figs. 85a, b,pi. 20, figs. 2a-c.
Dicellograptus complanatus var. ornatus Ruede-
mann,1947, Geol. Soc. America Mem. 19, pp.
377-378, pi. 62, figs. 16-20.
Remarks.— -The Texas specimens not
onlypossess the characteristic stoutlateral
spines of the variety but also agreeclosely
with the description given by Elles and
Wood in all other characters.
Horizon.— This variety of D.complana-
tus was found in associationwithD.com-
planatus and D. complanatus var. ar-
kansasensis in the uppermost foot of the
Maravillas chert, zone15 (collection 60).
The variety was originally described from
the upperpartof the Hartfell shales (the
zoneof Dicellograptus anceps) insouthern
Scotland. It has been recorded by T. S.
Hall (1920) fromNew South Wales andby
Thomas and Keble (1933) from the Bo-
lindian series of the Upper Ordovician of
Victoria, Australia. Ruedemann (1947)
reported the species from the Ordovician
shaleof TrailCreek, Blame County,Idaho.
DICELLOGRAPTUS DIVARICATUS (Hall)
PL 15, fig. 12
Graptolithus divaricatusHall,1859,Paleontology
of New York,vol. 3, pp. 513-514, figs. 1-4.
Dicellograptus divaricatus Elles and Wood,1904,
Mon. British Grapt., pp. 143-144, text figs.
87a-c, pi. 20, figs. 5 a,b.
Dicellograptus divaricatus Ruedemann, 1947,
Geol. Soc. America Mem. 19, pp. 378-379, pi.
62, figs. 22-25.
Remarks.— The Texas specimens agree
well with thespecific descriptionbyRuede-
mann.
Horizon.— D.divaricatus was found in
the Woods Hollow shale, zones 11and 12
(collections104, 122,127,136, and 139).
Thespecies was originally described from
the Normanskill shale in New York,
and it has been reported in the Womble
and Stringtown shales in Arkansas and
Oklahoma by Ruedemann. In the Brit-
ish Isles, the species is recorded from the
Glenkiln shaleby Elles and Wood. Harris
and Thomas (1938b) state that thespecies
is characteristic of the Gisbornian series of
the Upper Ordovician of Victoria, Aus-
tralia.
DICELLOGRAPTUS DIVARICATUS var. SALOPIENSIS
Elles and Wood
PL 16, fig.1
Dicellograptus divaricatus var. salopiensis Elles
and Wood,1904, Mon.British Grapt., pp. 145-
-146, text figs. 89a, b,pi. 20, figs. 7a-e.
Dicellograptus divaricatus var. salopiensisRuede-
mann, 1947, Geol. Soc. America Mem. 19, p.
380, pi. 63, figs. 2-3.
Remarks.— The Texas specimens are
poorlypreserved,but thestipesmaintain a
uniform width of 15 mmthroughout their
length and the thecae areof the same type
as D. divaricatus. Elles and Wood give
these characteristics as diagnostic of this
variety.
Horizon.— The variety was found in
zone 12 (collections 127 and 136) in the
upper part of the Woods Hollow shale.
Ruedemann reports it in the Normanskill
shale of New York and the Stringtown
shale of Oklahoma, and Elles and Wood
report it in the Glenkiln shale of southern
Scotland. Thomas and Keble (1933) list




mens of aDicellograptus arequestionably
referred to this species. The stipes are
about 1to 1.2 mminbreadth,and the the-
cae are the samenumber (8 to 10 in 10
mm) and have the samecharacteristics as
givenin thedescription of D. forchammeri
by Elles and Wood (1904, Mon. British
Grapt., pp.150-152, text figs. 94a-d, pi.
22, figs, la-d).However, no detail of the
proximal end can be seen and specific
identificationis not warranted.
Horizon.— The specimens tentatively re-
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ferred to D. forchammeri were found in
the middle part of the Maravillas chert,
zone14 (collections838 and 93).Accord-
ingtoElles and Wood (1904),D.forcham-
meriis common in the British Isles in the
zone of Dicranograptus clingani of the
Hartfell shales,but it ranges from the zone
of Nemagraptus gracilis in the Glenkiln
shales to the zoneof Pleurograptus linearis
in the upper part of the Hartfell shales.
The species is listed from the Viola lime-
stone in Oklahoma (Ruedemann) and
from thelower partof the Bolindian series
in the Australian Upper Ordovician by
Thomas and Keble (1933).
DICELLOGRAPTUS FORCHAMMERI var. FLEXUOSUS
Lapworth
PL 19, fig. 1
Dicellograptus forchammeri var. flexuosus Lap-
worth,1876,Cat.West. Scottish Foss.,pi. 4, fig.
90.
Dicellograptus forchammeri var. flexuosus Elles
and Wood, 1904, Mon.British Grapt., pp. 152-
-153, text figs. 95a-d, pi. 22, figs. 2a-d.
Dicellograptus forchammeri Ruedemann, 1947,
Geol. Soc. America Mem. 19, p. 382, pi. 63,
figs. 13-20.
Remarks.— The Texas specimens agree
in the character and number of thecae (10
to8 in10mm) with thedescriptionof this
variety given by Elles and Wood, but the
width of the stipesis slightly less (0.4mm
at their origin and 0.8 mm distally).The
Texas forms are immature, however, and
the longest stipes measure but 5 cm in
length while stipelengths up to14 cm were
recordedby Elles and Wood.
Horizon.— The specimens of D. for-
chammeri var. flexuosus were collected
from thelower partof theMaravillas chert,
zone 13 (collections134 and 134A).The
variety is found in the Hartfell shales
(zones of Climacograptus wilsoni and
Dicranograptusclingani) of southernScot-
land. The variety occurs in the Viola lime-
stone and thePolk Creek shaleof Arkansas.
Thomas (1932) included D. forchammeri
var. flexuosus in alist of graptolites from
Upper Ordovicianlocalities inAustralia.
DICELLOGRAPTUS GURLEYI Lapworth
PL 16, fig. 9
Dicellograptus gurleyi Lapworth MS, 1890.
Dicellograptus gurleyi Gurley, 1896, Jour. Geol.,
vol.4, pp. 70-71.
Dicellograptus gurleyi Ruedemann, 1908, New
York State Mus. Mem. 11, pp. 303-306, text
figs. 223-228, pi. 19, figs. 7-10.
Dicellograptus gurleyi Ruedemann, 1947, Geol.
Soc. America Mem. 19,pp. 382-383,pi.63, figs.
21-33.
Remarks.— The Texas specimens areall
immature forms, but in the character and
number of thecae and in the character of
the proximal end they agree with the de-
scription by Ruedemann.
Horizon.— D.gurleyi wasfound inzones
11and 12 (collections122,136, 137,and
139) in the Woods Hollow shale. The type
material came from the Normanskill shale
at Stockport, New York, and Ruedemann
found the species incollections from other
localities in the Normanskill shale.
Decker's (1952) collections from the
Womble shale of Arkansas included this
species.Teale (1919) listedD.gurleyi from
the Upper Ordovician of Victoria, Aus-
tralia.
DICELLOGRAPTUS GURLEYIvar.EXILIS Ruedemann
Dicellograptus gurleyi var. exilis Ruedemann,
1947, Geol.Soc. America Mem.19, p. 383, pi.
63, figs. 3^36.
Remarks.— The stipesof the Texas speci-
mens areslightly more slender (0.2 to 0.3
mm in breadth) than Ruedemann's de-
scription, but the specimens agree in all
other features.
Horizon.— The variety was collected
from zone11, the lower part of the Woods
Hollow shale (collection137).Ruedemann
described the variety from material col-




Dicellograptus intortus Lapworth, 1880, Ann.
Mag. Nat. Hist., vol.5, p. 161, pi. 5, fig. 19a.
Dicellograptus intortus Elles and Wood, 1904,
Mon. British Grapt, pp. 146-147, text figs.
90a-d, pi. 20, figs. 4a-f.
Dicellograptus intortus Ruedemann, 1947, Geol.
Soc. America Mem. 19, pp. 383-384, pi. 64,
figs. 1-3.
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Remarks.— The Texas specimens agree
well with the specific description givenby
Elles and Wood.
Horizon.— This species was found in
zones11and 12inthe WoodsHollow shale
(collections 104, 122, 136, 139, 148, and
150). Elles and Wood record it from the
Glenkiln shales in South Scotland. Ruede-
mannreportsit from theNormanskill shale
in New York and the Womble shale in
Arkansas. Harris and Thomas (1938b)
figure D. intortus with the characteristic




PL 15, fig. 10
Dicellograptus moffatensis var. alabamensisRuedemann,1908,New YorkState Mus.Mem.
11, pp. 310-312, text figs. 234-236, pi. 20, figs.
1,2.
Dicellograptus moffatensis var. alabamensisRuedemann, 1947, Geol. Soc. America Mem.
19,p. 385,pi.64, figs. 12-16.
Remarks.— The Texas specimens agree
with thedescriptionof this variety givenby
Ruedemann, except that the web between
the stipesattheproximalend isveryslight,
whereas in the type material it is more
prominent.
Horizon.— O. moffatensis var. alabam-
ensis wascollected from zone11, thelower
part of the Woods Hollow shale (collec-
tions 139 and 150).Ruedemann described
the variety from the "Athens shale" at
Pratts Ferry, Alabama.
DICELLOGRAPTUS PATULOSUS Lapworth
Dicellograptus patulosus Lapworth, 1880, Ann.
Mag. Nat. Hist.,vol. 5, p. 162,pi. 5, figs. 18a-f.
Dicellograptus patulosus Elles and Wood, 1904,
Mon. British Grapt., pp. 147-148, text figs.
91a-e,pi. 21, figs. sa-e.
Dicellograptus patulosusRuedemann,1947, Geol.
Soc. America Mem. 19, p. 385, pi. 64, figs. 17-
-19.
Remarks.— The Texas specimens of D.
patulosus are immature forms but they
agree with the description given by Elles
and Wood of the proximal end and of the
character and number of thecae.
Horizon.— D. patulosus was collected
from one locality within zone 11 (collec-
tion 137) near the middle of the Woods
Hollow shale. This species occurs in a
singlezonein theGlenkiln shalesnear their
upper limit and Ruedemann reports it
from the Stringtownshale inArkansas.
DICEIXOGRAPTUS PUMILUS Lapworth
Dicellograptus pumilus Lapworth, 1876, Cat.
West. Scottish Foss., pi. 4, fig. 81.
Dicellograptus pumilus Elles and Wood, 1904,
Mon. British Grapt., p. 149, text figs. 92a, b,
pi.21, figs. 3a-f.
Remarks.— The Texas specimens agree
with thespecific description givenby Elles
and Wood except for a few minor differ-
ences.Thecharacter and number of thecae
are the same as in Elles and Wood's de-
scription, and the breadth of the stipes is
the same. The stipes of the Texas speci-
mens diverge at an angle of 300 to 305
degrees,while in the type forms, the stipes
diverge at a 310-degree angle. The stipes
are1to2 cm long and areslightly curved.
The characteristic wide axil of thisspecies
ispresentinall the Texas specimens.
Horizon.— D. pumilus was collected
from the middle part of the Maravillas
chert, zone 14 (collection132). Elles and
Wood record the species from the lower
Hartfell shales of Caradoc age in south-
ern Scotland. Thomas and Keble (1933)
list the species from the lower part of the
Bolindian series intheUpper Ordovicianof
Victoria, Australia.
DICELLOGRAPTUS SEXTANS (Hall)
Graptolithus sextans Hall, 1847, Paleontology of
New York, vol. 1, p. 273, pi. 74, figs. 3a-e.
Dicellograptus sextans Elles and Wood, 1904,
Mon. British Grapt., pp. 153-155, text figs.
96a-b,pi.21, figs. la-c.
Dicellograptus sextans Ruedemann, 1947, GeoL
Soc. America Mem. 19, pp. 386-387, pi. 64,
figs. 28-31.
Remarks.— The Texas specimens agree
with the specific description by Elles and
Wood except that the stipes diverge at an
angle of 310 to 315 degrees, while in the
typical British material the stipes diverge
at anangle of 300 degrees.
Horizon.— D.sextans wasfoundin abun-
dance inboth zones11and 12 intheWoods
Hollow shale (collections 49,100,103,105,
122, 125, 127, 136, 139, 148, and 150).
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Ruedemann records this species from the
Normanskill shale of New York, andElles
and Wood report it in the Glenkiln shales
in the British Isles. Harris and Thomas
(1938b) figure it as one of the important
forms in the Gisbornian series of the Up-
per Ordovician of Victoria,Australia. The
species is a common form in the zone of
Nemagraptus gracilis in the Marathon,
Australian,and British successions.
DICELLOGRAPTUS SEXTANS var. EXILIS
Elles and Wood
PL 15, fig. 11
Dicellograptus sextans var. exilis Elles and Wood,
1904, Mon.British Grapt., p. 155, text fig. 97,
pi. 21, figs. 2a-d.
Dicellograptus sextans var. exilis Ruedemann,
1947, Geol.Soc. America Mem. 19, p. 387, pi.
64, figs. 32, 33.
Remarks.— The stipesof the Texasspeci-
mens have, as is true of the English type
material, about one-half the width of the
true D.sextans but agree with the typical
form in all other characters.
Horizon.— This variety occurs in the
same zones as D.sextans itself— zones 11
and 12 in the WoodsHollow shale (collec-
tions 104, 136,and 139). Elles and Wood
record the variety from the Glenkiln shale,
and Ruedemann has found it in the Nor-
manskill shale inNew York.
DICELLOGRAPTUS SMITHI Ruedemann
PL 15, fig. 3b
Dicellograptus smithi Ruedemann, 1908, New
York State Mus. Mem. 11, pp. 313-315, text
figs. 237, 238,pi,19, figs. 3-6.
Dicellograptus smithi Ruedemann, 1947, Geol.
Soc. America Mem.19,p. 388,pi.65, figs. 1-13.
Remarks.— The Texas specimens agree
well withRuedemann's specific description.
Horizon.— D.smithi was found in zones
11(collections 122 and 139) and 12 (col-
lection 136) in the Woods Hollow shale.
Ruedemann's typematerial came from the
"Athens" shale near Pratts Ferry, Ala-
bama. Healso reportsit from theNorman-
skill shale near Clinton,New Jersey, and
from the Womble shalein Arkansas.
Genus DICRANOGRAPTUS Hall, 1865
DICRANOGRAPTUS BREVICAULIS Elles and Wood
PL 15, fig. 2
Dicranograptus brevicaulis Elles and Wood,
1904,Mon.British Grapt.,pp. 168-169, text fig.
105,pi.24, figs. 3a-d.
Remarks.— The Texas specimens are
very small but agree well with Elles and
Wood's specific description. The biserial
portion is 2 to 3 mm in length; in the
largest Texasspecimens, the uniserial por-
tion is 5 mm in length and is nearly
straight. In the number of thecae (10 to
11 in10 mm), the character of the thecae,
the width of the stipes, and in the angle
between the stipes, the Texas specimens
agree with the description of the British
material.
Horizon.— Specimens of D.brevicaulis
werecollected from the lower partof the
Woods Hollow shale zone 11 (collections
104 and 122). Elles and Wood report the
species to bepresent in theGlenkiln shales
of Shropshire and to be abundant in the
same shales in southern Scotland. Harris
andThomas (1938b) figure the species as
a common form in the Upper Ordovician,
Gisbornian series of Victoria, Australia.
D. brevicaulis occurs with Nemagraptus
gracilis and Dicellograptus sextans in the




York State Mus. Mem. 11, p. 337, text figs.
275-278,pi.23, fig. 9.
Dicranograptus contortus Ruedemann,1947,Geol.
Soc. America Mem. 19, p. 389,pi. 65, figs. 14-
-36.
Remarks.— The Texas specimens agree
well with Ruedemann's specific description
except that the width of the stipes is
slightly less. The stipes of the Texas speci-
mens are 0.7 mm wide in the biserial and
0.6 mm wide in the uniserialportioncom-
pared to 0.8 mm and 0.7 mm width for
the same portionsof the typespecimens.
Horizon.— A few specimens of this spe-
cies were collected from one locality (col-
lection 104) which is in thelower part of
the Woods Hollow shale, zone 11. Ruede-
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mann's types came from the Normanskill
shale at Kenwood, New York. He also re-
cords the species from the Hailey quad-
rangle,Idaho,and from the shale of Three




Dicranograptus nicholsoni Hopkinson, 1870,
Geol.Mag.,vol. 7, p. 357, pi.16, fig. 3.
Dicranograptus nicholsoni Elles and Wood,1904,
Mon. British Grapt., pp. 171-173, text figs.
108a-e, 109f, g,pi. 25, figs. la-b.
Dicranograptus nicholsoni Ruedemann, 1947,
Geol. Soc. America Mem. 19, pp. 391-392, pi.
66, figs. 5-11.
Remarks.— The Texas specimens agree
well with the description by Ruedemann.
The length of the biserialportion is but 4
to 5 mm which is slightly shorter than in
the British specimensand the width of the
biserial portion is but 2 mm while in the
Britishspecimens it is 2.5mm.Ruedemann
notes that in many of the American repre-
sentatives of this species, the length and
width of the biserialportion are less than
in theBritish specimens.Inall other char-
acters,however, the American andEnglish
specimens are the same.
Horizon.— Specimens of D. nicholsoni
were collected from the lower part of the
Maravillas chert, zone 13 (collections
134 and 134A ). Ruedemann states
that the typical form of this species is
found in the Utica shale inNew York and
that it isextremely common in the middle
horizon of theUtica shale.He alsorecords
the species from the Snake Hill shale and
Indian Ladder beds inNew York and the
Fulton shale of the Eden group at Cincin-
nati.Elles and Wood report D. nicholsoni
to be an abundant fossil in Great Britain
near the top of the Glenkiln shales and in
the lowest beds of the Hartfell shales and
to be especially abundant and well pre-
served in the zone of Climacograptus wil-
soni. Harris and Thomas (1938b) figure
D.nicholsoni as a characteristic form of






mann and Decker, 1934, Jour.Paleont., vol. 8,
pp.312-313,pi.41, figs. 8,Ba.
Dicranograptus nicholsoni mut. geniculatus
Ruedemann, 1947, Geol. Soc. America Mem.
19,p.393,pi.66, figs. 21-24.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion.
Horizon.— Specimens of this form were
collected from the basal beds of the Mara-
villas chert, zone 13 (collections 73 and
134A). Ruedemann states that D.nichol-
sonimut. geniculatus isespecially common
in theupperpart of the Stringtownshalein
the Oklahoma partof the Ouachita Moun-
tains and has been found in thelower part
of the Viola limestone at several localities.
The writer collected this form from the
upper part of the Womble shale in Ar-
kansas.
Lapworth,1873Family Diplograptidae
Subfamily CLIMACOGRAPTINAE Freeh, 1897
Genus CLIMACOGRAPTUS Hall, 1865
CLIMACOGRAPTUS ANTIQUUS Lapworth
Climacograptus antiquus Lapworth, 1873, Geol.
Mag., vol. 10, p.134 (nom.nud.).
Climacograptus coelatus Lapworth, 1873, Cat.
"West. Scottish Foss.,p. 6,pi. 1, fig.56.
Climacograptus antiquus Elles and Wood, 1906,
Mon. British Grapt., pp. 199-200, text figs.
130a-d,pi.27, figs. 4a-e.
Climacograptus antiquusRuedemann,1947,Geol.
Soc. America Mem.19,pp.422-423, pi.71, figs.
44-48.
Remarks.— The Texas specimens agree
closely with the specific description by
Elles and Wood.
Horizon.— Ruedemann (in Sellards,
1933) first reported C.antiquus from the
Marathon region. The writer collected it
from thebasal beds of theMaravillas chert,
zone 13 (collections 73, 106, 134, 134A,
and 135). Ruedemann reports the species
from the Glenogle shale in British Colum-
bia and the Stringtown shale inOklahoma.
The writerhas identified it in a collection
from the upper part of the Womble shale
in Arkansas. Elles and Wood record the
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species from the Glenkiln shales and their
equivalents in southern Scotland, North
Wales, and northern Ireland. Thomas and
Keble (1933) list C. antiquus from the
Gisbornian series of theUpper Ordovician
of Victoria,Australia.
CLIMACOGRAPTUS ANTIQUUS var. BURSIFER
EHes and Wood
Cliniacograptus antiquus Lapworth var. bursiferElles and Wood, 1906, Mon.British Grapt., p.
201, text figs. 131a, b,pi. 27, figs. 6a-d.
Remarks.— A few specimens were col-
lected in the Marathon succession which
agree well with the description of this va-
riety by Elles and Wood except that the
Texasspecimenshave evenmoreclosely set
thecae (14 to 15 in 10 mm) than the Eng-
lish forms (12 to 14 in 10mm).
Horizon.— Specimens of this variety
were collected from the upper part of the
Woods Hollow shale, zone12 (collections
94A and 94C). Elles and Wood record it
from the Glenkiln shales and their equiv-
alents in southern Scotland and Wales.
Thomas and Keble (1933) list the variety
from the Gisbornian series of the Upper
Ordovician of Victoria,Australia.
CLIMACOGRAPTUS BICORNIS (Hall)
PL 16, figs. 10,11;PL 19, fig. 4
Graptolithus bicornis Hall,1847, Paleontologyof
New York, vol. 1, p. 268, pi. 73, figs. 2a-s.
Climacograptus bicornis Elles and Wood, 1906,
Mon. British Grapt., pp. 193-195, text figs.
126a-d, pi. 26, figs.Ba-f.
Climacograptus bicornis Ruedemann,1947, Geol.
Soc. AmericaMem. 19, p. 425, pi. 72, figs. 44-
-52.
Remarks.— The Texas specimens agree
closely with the specific description by
Elles and Wood and they all have stout
spines up to 1cm long projecting from
thl1and thl2.
Horizon.— C.bicornis is a characteristic
species in the upper beds of the Woods
Hollow shale, zone 12 (collections 87,
94A, 103,and 136), and it is confined to
that zone in theMarathon succession.Rue-
demann records it from the Normanskill
shale inNew York and the writerhas seen
it at the University of Oklahoma in
Decker's collections from the Womble shale
of Arkansas and the Stringtown shale of
Oklahoma. Elles and Wood state that "C
bicornis is an exceedingly abundant fossil
in the Glenkiln and lower Hartfell shales"
where it ranges from the zone of Nema-
graptus gracilis through the zones of
Climacograptus peltifer and C. wilsoni
into the zone of Dicranograptus clingani.
Thomas and Keble (1933) record C.
bicornis as a common species in the Gis-
bornian and Eastonian series of the Upper
Ordovician of Victoria, Australia.
CLIMACOGRAPTUS CAUDATUS Lapworth
PL 18, fig. 7
Climacograptus caudatus Lapworth, 1876, Cat.
West. Scottish Foss., p. 6, pi. 2, fig. 48.
Climacograptus caudatus Elles and Wood, 1906,
Mon.British Grapt., pp. 202-203, text figs. 133
a-d,pi.27, figs.7a-e.
Climacograptus caudatus Ruedemann,1947, Geol.
Soc. America Mem.19, p. 424, pi. 71, figs. 51-
-52, pi.72, figs. 57-65.
Remarks.— The Texas specimens agree
closely with the specific description by
Elles and Wood.
Horizon. — Specimens of C. caudatus
were collected from the lower and middle
partsof the Maravillas chert,zones 13 and
14 (collections 128 and132). Ruedemann
reports the species in the Magog shale at
Magog, Quebec, in the lower part of the
Viola limestone in Oklahoma, and in the
upper part of the Womble shale near Crys-
tal Springs, Arkansas. Elles and Wood
record the species from the zone of
Dicranograptus clingani in the Hartfell
shales in southern Scotland and Ireland,
and Harris andThomas (1938b) figure it
as one of the characteristic forms in the
Eastonian series of the Upper Ordovician
of Victoria,Australia.
CLIMACOGRAPTUS EXIMIUS Ruedemann
Climacograptus putillus mut. eximius Ruede-
mann, 1908, New York State Mus. Mem. 11,
p. 420, figs. 378-384, pi. 28, fig. 16.
Climacograptus eximius Ruedemann, 1925, New
York State Mus. Bull. 262, p. 62.
Climacograptus eximius Ruedemann,1947, Geol.
Soc. AmericaMem. 19, p.435,pi. 72, figs. 1-15.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion.
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Horizon.— Specimens of C. eximius are
common in the Woods Hollow shale,zones
11 and 12 (collections 94A, 103,137, and
139).Ruedemann states that thespecies is
common in the Normanskill shale inNew
York,and thewriterhas seenitinDecker's
collections from the Stringtown shale of
Oklahoma and the Womble shale of
Arkansas.
CLIMACOGRAPTUS HASTATUS T. S. Hall
PL 20, fig. 11
Climacograptus hastata T. S. Hall, 1902, Geol.
Survey,NewSouth Wales, p.5, pi.14, figs.1-3.
Climacograptus hastatus T. S. Hall var. ameri-
canus Ruedemann, 1947 (pars), Geol. Soc.
AmericaMem.19, p. 427, pi. 73, figs. 8, 9, 13,
17, 19, not figs. 1-7, 10-12, 14-16, 18, 20.
Climacograptus tridentatus Sherrard, 1949, Lin-
nean Soc. New South Wales, Proc, vol. 74,
p. 69, textfig. 12A.
Climacograptus hastatus Harris and Thomas,
1955, Mm. and Geol.Journ., vol. 5,no. 6,p. 39,
figs. 8,9.
Remarks.— The Texas specimens agree
closely with the specific description by
T.S.Hall. The Texas specimens have two,
three, and evenfour basal spines (exclud-
ing the virgella projection). Sherrard
(1949), on Dr.G.L. Elles' identifications,
regards Hall's species as a synonym of C.
bicornis var.tridentatus. However,noneof
the published figuresnor descriptions of C.
bicornis var. tridentatus record a virgellar
projection which subordinates the two lat-
eral spines. In all of Elles and Wood's
(1906, pi. 26, figs. 9a-c) figures of C.
bicornis var. tridentatus, the spines are
thickened bymembrane andarewider than
the virgellar projection.InC. hastatus the
virgellar projection is the prominent fea-
tureand thespinesaresubordinate.Ruede-
mann (1947) includes in his figures of
C. hastatus var. americanus forms which
may be related to C. bicornis (pi. 73,
figs. 14, 15, 16, 18, 20) and some which
show no development of spines (pi. 73,
figs. 1-4). Even immature forms of the
Texas specimens have spines. The writer
considers that Ruedemann's figures 13,
17, and 19 (pi. 73) of C. hastatus var.
americanus agreewith thespecific descrip-
tion of C.hastatus by Harris and Thomas,
and thus the varietal name may not be
needed.
Horizon.— Specimens of C. hastatus
were collected from the highest beds of the
Maravillas chert, zone 15 (collection60).
Ruedemann recorded his variety from the
highest Ordovician horizon near Trail
Creek, Blame County, Idaho. Harris and
Thomas record the species from the
Eastonian series of theUpperOrdovician in
Victoria, Australia. The species appears
earlier in the Victorian sequence than it
does in the Marathon.
CLIMACOGRAPTUS MINIMUS (Carruthers)
PL 19, fig. 2
Diplograptus minimus Carruthers, 1868, Geol.
Mag., vol. 5, p. 125, pi.5, figs.12a, b.
Climacograptus minimus Elles and Wood, 1906,
Mon. British Grapt, pp. 191-192, text figs.
124a-d,pi. 27, figs. la-g.
Remarks.— The rhabdosomes of the
Texas specimens are small, the largest
measuring1.5 cm in lengthand 1.8 mmin
breadth. Elles and Wood give a range in
length of 1 to 3 cm and a maximum
breadth of 2 cm for the English speci-
mens. The thecae of the Texas specimens
number 12 to 14 in 10 mm and their
apertural margins are horizontal. Their
excavations are not so deep as in the
English specimens. The thecal excavations
in the English forms occupy fully one-
third of the width of the rhabdosome,
whereas in the Texas specimens they oc-
cupy only about one-fourth the width of
the rhabdosome. Elles and Wood give a
thecal rangeof11 to14 in 10mm for the
English material. In the character of the
proximal end and of the thecae, the Texas
specimens agree with the description by
Elles and Wood. In the writer's opinion,
the Texas specimens, although small, ap-
pear to fall within the range in variation
of C.minimus.
Horizon.— C. minimus is a common
form in the middle part of the Maravillas
chert, zone 14 (collections 54, 55, 83A,
838,and86A).Elles and Woodrecord the
species from the zones of Dicranograptus
clingani and Pleurograptus linearis of the
Hartfell shales in southern Scotland and
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Wales, and Thomas and Keble (1933)
list it from the Eastonian series of the
Upper Ordovician of Victoria, Australia.
CLIMACOGRAPTUS MISSISSIPPIENSIS Ruedemann
PL 20, fig. 9
Climacograptus mississippiensis Ruedemann,
1908,New York StateMus. Mem. 11, pp.413-
-414, text figs. 366, 367, pi.28, figs. 12, 13.
Climacograptus mississippiensis Ruedemann,
1947, Geol. Soc. America Mem. 19, pp. 431-
-432, pi. 74, figs. 3-9.
Remarks.— The Texas specimens agree
closely with Ruedemann's specific descrip-
tion.
Horizon.— Specimens of C. mississip-
piensis were collected from the highest
beds of the Maravillas chert, zone 15 (col-
lections 60 and 138). Ruedemann's types
came from the Sylvan shale of the Ar-
buckle Mountains in Oklahoma, and Rue-
demann also records it from the Polk




York State Mus. Mem. 11, pp. 432-433, text
figs.400-403, pi.28, fig. 30.
Climacograptus modestusRuedemann,1947, Geol.
Soc. America Mem. 19, p 432, pi. 73, figs. 32-
-46.
Climacograptus modestus Bulman, 1948, Geol.
Mag., vol. 85, pp. 222-223, text figs, la, b.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion. The moreclosely set thecae (16 in 10
mm inthe Texasspecimens) and theblunt,
squarish appearance of the proximal end
distinguish this species from C. scharen-
bergi.
Horizon.— Specimens of C. modestus
were collected from the upper partof the
Woods Hollow shale, zone 12 (collections
94A, 948, and 94C). Ruedemann records
the species from the Normanskill shale in
New York, the upper part of the Womble
shale in Arkansas, and from the "Athens
shale" in Virginia and Tennessee.Bulman
reportsit withNemagraptus gracilis from
the Rorrington flags on Sky Brook,
Shropshire.
CLIMACOGRAPTUS MODESTUS var. MERIDIONALIS
Ruedemann
Climacograptus modestus var. meridionalis
Ruedemann, 1947, Geol. Soc. America Mem.
19,p. 433,pi.73, figs. 47, 48.
Remarks.— The Texas specimens agree
closely with Ruedemann's description ex-
cept that the thecaenumber 14in 10 mm,
while in the typematerial the thecae num-
ber 10 to 13 in 10 mm.
Horizon.— Specimens of this variety
were collected from the lower partof the
Woods Hollow shale, zone 11 (collection
137). Ruedemann's types came from the
"Athens shale" near Bristol, Tennessee,
and he also reports it from the "Athens
shale" near Calera, Alabama. The form
occurs with Nemagraptus gracilis and its




Climacograptus parvus Hall, 1865, Canadian
Organic Remains,p.57 (nom.nud.).
Climacograptus parvus Hall, 1868, New York
State Cab. Nat. Hist., 20th Ann. Rept., p. 224.
Climacograptus parvus Ruedemann, 1947, Geol.
Soc. America Mem. 19. pp.433-434, pi.74, figs.
10-26.
Remarks.— The rhabdosomes of the
Texas specimens are small, up to 20 mm
long and 1.7 mm wide,but these measure-
ments fall within the range in variation
given by Hall in his specific description.
The Texasspecimensagreewell withHall's
specific description in all other characters.
Horizon.— C. parvus was collected from
zones 11 (collection137) and 12 (collec-
tions 94A, 948, and 136) in the Woods
Hollow shale. The species is one of the
most common and widespread graptolites
intheupperpart of theMiddle Ordovician
inNorth America. Ruedemann records it
from the Normanskill shale in New York,
the Stringtown shale of Oklahoma, the
Womble shale of Arkansas,and fromlocali-
ties in Newfoundland, Maine, Virginia,
Nevada, and Washington.
CLIMACOGRAPTUS PUTILLUS (Hall)
Graptolithus putillus Hall, 1865, Canadian Or-
ganic Remains, pp. 27, 44, pi. A, figs. 10-12a.
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Climacograptus putillus Ruedemann, 1925, New
YorkStateMus.Bull. 262, p.60.
Climacograptus putillus Ruedemann,1947, Geol.
Soc. America Mem. 19, pp. 434-435, pi. 72,
figs. 29-42.
Remarks.— The Texas specimens are
small,5 to7mm inlength and1mmwide,
but still fall within the range of the meas-
urements given by Ruedemann (1947)
for C.putillus. Innumber of thecae (12 to
14 in 10 mm) and in character of the
thecae, the Texas specimensagree with the
description by Ruedemann.
Horizon.— Specimens ofC.putillus were
collected from the uppermost beds in the
Maravillas chert, zone 15 (in collections
60 and 147).Ruedemann records it from
the Maquoketa shale near Maquoketa,
lowa, and from the Sylvan shale of
Oklahoma.
CLIMACOGRAPTUS RIDDELLENSIS Harris
PI.14, figs. 9, 10
Climacograptus riddellensis Harris, 1924, Royal
Soc. Victoria, Proc. (n.s.), vol. 36, pp. 100-
-101, pi. 8, figs.11,12.
Remarks.— The Texas specimens agree
well with thespecific descriptionbyHarris
except that the thecaenumber 11 to 12 in
10 mm while in the Australian specimens
theynumber 10to 11in10mmand,rarely,
asmany as13 in10mm.Thecharacteristic
wide, semicircular thecal excavations can
easily be seen in the specimenspreserved
in low relief in limestone.
Horizon.— Specimens of C. riddellensis
were collected from the basal beds of the
Woods Hollow shale, zone10 (collections
46 and46A),and from higher in the same
formation in zone 11 (collection 137).
Harris (1935) lists the species as a com-
mon form in the zone of Glyptograptus
teretiusculus, the highest zone in theMid-
dle Ordovician of the Victoria, Australia,
sequence.Thomas and Keble (1933) list it
as present in collections from the Gisbor-
nian series of the Victorian Upper Ordo-
vician as well. The species has a similar
range (zonesof G.teretiusculus andNema-
graptusgracilis) inboth theMarathon and
Victorian successions.
CLIMACOGRAPTUS SCALARIS var. MISERABILIS
EHes and Wood?
Remarks.— The Texas specimens are
poorly preservedand some details can not
be seen.Therhabdosomes agree with Elles
and Wood's (1906, Mon. British Grapt.,
pp.186-187, text figs. 120a-c,pi. 26, figs.
3a-h) description in size (1 to 1.5 cm in
lengthandnomorethan1mminbreadth),
innumber of thecae (10 to 11in10mm),
and in possessing a complete septum. The
thecae have vertical outer edges and hori-
zontal aperturalmargins, whichagree with
Elles and Wood's description, but the size
and shape of the excavations areobscure.
Also, the nature of the proximal end is
obscure. The Texas specimens agree with
the description of C. scalaris var. miser-
abilis in general aspect, but the preserva-
tion is sopoor that theyareonly tentatively
referred to this variety.
Horizon.— Specimens provisionally re-
ferred to C. scalaris var.miserabilis were
collected fromonelocality (collection 147)
which is in the highest beds of the Mara-
villas chert, zone 15. They are associated
with Dicellograptus complanatus and D.
complanatus var.ornatus.Elles and Wood
state that the variety miserabilis is most
abundant in the zone of Dicellograptus
complanatus and that it is also found in
the zone of Dicellograptus anceps and a
few individuals survive into the lowestbeds
of theSilurian. Thomas and Keble (1933)
list the varietymiserabilis from thehighest
beds of the Bolindian series of the Upper
Ordovician of Victoria,Australia.
CLIMACOGRAPTUS SCHARENBERGI Lapworth
Climacograptus scharenbergi Lapworth, 1876,
Cat. West. Scottish Foss., p. 6, pi. 5, fig. 35.
Climacograptus scharenbergi Elles and Wood,
1906, Mon. British Grapt., pp. 206-208, text
figs. 139a-c,pi.27, fig. 14a-e.
Climacograptus scharenbergi Ruedemann, 1947,
Geol. Soc. America Mem. 19, pp. 438-439, pi.
74, figs. 41-54.
Climacograptus scharenbergiBulman, 1947,Cara-
doc (Balclatchie) Grapt., pp. 65-70, text figs.
34-38,pi. 7, figs. 1-10, pi. 8, figs. 1,5-7.
Remarks.— The Texas specimens agree
closely with the specific description by
Elles and Wood.
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Horizon.— SpecimensofC.scharenbergi
were collected from the lower partof the
Maravillas chert, zone13 (collections 73,
134, and 134A ). Ruedemann records the
species from theNormanskill shale inNew
York and the Magog shale in Quebec.
Elles and Wood state that it is a long-
ranging species in the British Isles, rang-
ing from the zoneof Didymograptus bifi-
dus in the upper part of the Arenig series
throughthe zoneof Climacograptus wilsoni
inthelower part of theHartfell shales.The
maximumnumber of individuals was col-
lected from theyoungerhorizons.
CLIMACOGRAPTUS SCHARENBERGI cf. var.
STENOSTOMABulman
PL 15, fig. 6
Climacograptus scharenbergi var. stenostoma
Bulman, 1947, Caradoc (Balclatchie) Grapt.,
p. 70, pi. 7, figs.11, 12, pi.8, figs. 2-4, 8.
Remarks.— The Texas specimens have
smaller dimensions than the types. The
largest of the Texas forms is 7 mm in
length and has a maximum width of 0.9
mmcompared to a lengthof 7 mmand a
maximum width of 1.1mm for the largest
of the Englishspecimens. The free ventral
edges of the thecae show the sameamount
of curvature as do the English specimens,
but the detail of the apertural excavations
is obscure because of the poor preserva-
tion. The thecae number 14 to 15 in 10
mm in the Texas specimens, while they
aresomewhat lessclosely set in theEnglish
material. The Texas specimens are defi-
nitelyof theC.scharenbergitypeandagree
in general aspect with Bulman's variety
stenostomabut areslightly smaller and are
not well enoughpreserved to revealall the
detail of the thecae.
Horizon.— Specimens of this form were
collected from the Woods Hollow shale,
zones11and 12 (collections 122,127,and
150). Bulman's types of C. scharenbergi
var.stenostoma came from the Balclatchie
beds of Caradoc age exposed in Laggan
Burn,Ayrshire,Scotland.
CLIMACOGRAPTUS SPINIFERUS Ruedemann
Climacograptus typicalis mut. spinifer Ruede-
mann,1908,New YorkStateMus.Mem.11,pp.
411-412, text fig.236,pi. 28, figs. 8,9.
Climacograptusspiniferus Ruedemann,1912,New
YorkStateMus.Bull.162,p.84.
Climacograptus spiniferus Ruedemann, 1947,
Geol. Soc. America Mem. 19, p. 439, pi. 75,
figs. 1-7.
Remarks.— The Texas specimens agree
fully with Ruedemann's specific descrip-
tion.
Horizon.— Specimens of C. spiniferus
were collected from the lower part of the
Maravillas chert, zone13 (collections868
and 134).Ruedemann states that this spe-
cies is a common and characteristic form
in theCanajoharie shale inNewYork, and
that it also occurs in the Snake Hill shale
and Schenectady beds in the same State
and inthelower partof theViolalimestone
in the Arbuckle Mountains of Oklahoma.
CLIMACOGRAPTUS TUBULIFERUSLapworth
PL 19, fig. 5
Climacograptus tubuliferus Lapworth,1876, Cat.
West. ScottishFoss.,pi.2, fig. 49.
Climacograptus tubuliferus Elles and Wood,1906, Mon. BritishjGrapt., pp. 203-204, text
figs. 134a-c, pi.27, figs. Ba-d.
Climacograptus tubuliferus Ruedemann, 1947,
Geol. Soc. America Mem. 19, p. 440, pi. 75,
figs. 54-56.
Remarks.— The Texas specimens agree
well with thespecific descriptionby Elles
and Wood.
Horizon.— Specimens of C. tubuliferus
were collected from the middle partof the
Maravillas chert, zone 14 (collections45,
55, 838, 86A, and 93). Ruedemann re-
cords thespecies from thePolk Creek shale
and the Talihina chert in Oklahoma. Elles
and Wood report the species to be fairly
commonin the zoneof Pleurograptus line-
aris and to be rare in the zoneof Dicrano-
graptus clingani in the British Isles.
Thomas and Keble (1933) list C. tubuli-
ferus from the Eastonian series of the
Upper Ordovician in Victoria, Australia.
The samespecies occurs with the sameas-
sociates (Orthograptus quadrimucronatus,
Dicellograptus forchammeri, and Ortho-
graptus truncatus) in the Marathon, Vic-
torian, and British sequences.
CLIMACOGRAPTUS TYPICALIS Hall
Climacograptus typicalis Hall, 1865, Canadian
Organic Remains,pp.27,28, 57,pi.A, figs.1-9.
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Climacograptus typicalisRuedemann,1947,Geol.
Soc. America Mem. 19, pp. 440-441, pi. 75,
figs. 27-38,not pi.91, fig. 8.
Remarks.— The Texas specimens areall
small yetstill fall within themeasurements
given in the description by Ruedemann.
The largest specimens measure 3.0 cm in
length and 2.2 mmin width. The thecae in
all of the Texas specimens number 11 to
13 in 10 mm and agree with the descrip-
tion of the typematerial.
Horizon.— C. typicalis was collected
from the lower and middle parts of the
Maravillas chert, zones 13 and 14 (collec-
tions 73, 131A,and 133). Ruedemann re-
cords the speciesfrom the UticaandFrank-
fort shales inNew York, theEden shaleat
Covington. Kentucky, the Platteville and
Galena limestones of Minnesota, the lower
part of the Viola limestone of Oklahoma,




Climacograptus typicalis var. crassimarginalis
Ruedemann and Decker, 1934, Jour. Paleont.,vol.8, pp.322-323, 325,pi.43, figs. 8,9, 12,12a.
Climacograptus typicalis var. crassimarginalis
Ruedemann, 1947, Geol. Soc. America Mem.
19, pp. 441-442, pi. 73, figs. 23-26, pi. 75, fig.
46,pi.91, fig. 8.
Remarks.— The Texasspecimens of this
spined varietyof C. typicalis areall small
and no complete rhabdosomes were found.
However, the measurementsof themdo fall
within the rangeof variationof C. typicalis,
and the diagnostic character of this va-
riety, the sharp flange that projects out
from each thecae, is well developed. One
of the forms figured by Ruedemann and
Decker as Amplexograptus amplexicaulis
from the Violalimestone (Ruedemannand
Decker, 1934,pi. 42, figs. 1,la) should be
referred to this varietyof C. typicalis.
Horizon.— This form is a characteristic
element of zone 13, the lower part of the
Maravillas chert (collections106,128,133,
and 135). It is common in thelower part
of the Viola limestone in the Arbuckle
Mountains in Oklahoma, and it has been
recorded from the Platteville limestone
nearDixon,Illinois (Ruedemann,1947).
CLIMACOGRAPTUS cf. C.ULRICHI Ruedemann
Remarks.— The Texas specimens tenta-
tively referred to thespecies C.ulrichi are
poorlypreserved so that details of the the-
cae cannot be seen. The rhabdosomes are
small, 10 to 12 mm in length, and 1.5 to
1.8 mm inwidth. The sicula end is narrow
and pointed,and afreeprolongation of the
nemacaulis is present.The thecae number
10 to 12 in10mm.Inall of these measure-
ments, the Texas specimens agree with
Ruedemann's description (1947,Geol. Soc.
America Mem. 19, p. 443, pi. 91, figs.
9-12). However, the details of the thecae
must be seen to identify the species defi-
nitely, and they cannot be seen in these
specimens.Therefore, the Texasspecimens
can onlybe compared toC. ulrichi.
Horizon.— Thespecimens tentatively re-
ferred toC. ulrichi werecollected from the
uppermost beds of the Maravillas chert,
zone15 (collections138 and 147).Ruede-
mann states that the species C. ulrichi is
widely distributed throughout the South-
west. The type specimens were obtained
by Ulrich from the Maquoketa shale at
Spencer, Missouri, and Decker (1935, p.
708) has cited the species from the Sylvan




Genus DIPLOGRAPTUS McCoy, 1850
DIPLOGRAPTUSCRASSITESTUS Ruedemann
PL 20, figs. 7,8
Diplograptus crassitestus Ruedemann,1908, New
York State Mus. Mem. 11, pp. 334-335, text
figs. 299-300, pi.25, fig. 6.
Diplograptus (Mesograptus) crassitestus Ruede-
mann, 1947, Geol.Soc. America Mem. 19, pp.
415-416, pi. 71, figs. 3-9.
Remarks.— The Texas specimens are
nearly identical to the typespecimens from
Oklahoma exceptthat the lengthand width
are slightly less. The rhabdosomes have a
length of 32 to 38 mm with a widthat the
distal end of 1.3 to 1.8 mm.The thecae of
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the Texas specimens number 9 to10 in 10
mm, whereas the thecaenumber 7 to10 in
10 mm in the typematerial.
Horizon.— This species is common in
zone15 (collections60,138,and 147),the
highest beds of the Maravillas chert. The
species is also common in theSylvan shale
in the Arbuckle Mountains in Oklahoma
andin the Polk Creek shale intheOuachita
Mountains in Arkansas.
DIPLOGRAPTUS MULTIDENS Elles and Wood
PI.16,fig.2; PI.19, fig. 6
Diplograptus (Mesograptus) multidensEllesand
Wood, 1907,Mon. British Grapt, pp. 261-262,
text fig. 178,pi.31, figs. 9a-d.
Diplograptus (Mesograptus) multidens Ruede-
mann, 1947, Geol. Soc. America Mem. 19, p.
420,pi.71, figs. 15,16.
Remarks.— The Texas specimens agree
well with the specific description by Elles
and Wood.
Horizon.— Specimens of D. multidens
were collected from one locality (collec-
tion 87) which is in the upper part of the
Woods Hollow shale, zone 12. It is associ-
ated with Climacograptus bicornis, Ortho-
graptus calcaratus var. acutus, and Am-
plexograptuscf. A.perexcavatus.Elles and
Wood record D.multidens from the high-
estbeds of theGlenkiln shaleand thelowest
of the Hartfell shale, where it occurs with
the same associates as in the Marathon re-
gion. Harris and Thomas (1938b) figure
the species as one of the common forms in
the Gisbornian series and state that it is
one of the characteristic species of the
upper part of that series in Victoria,
Australia.
DIPLOGRAPTUS MULTIDENS var. DIMINUTUS
Ruedemann
Diplograptus (Mesograptus) multidens var. di-
minutus Ruedemann,1947, Geol.Soc. America
Mem. 19, p.420,pi.71, figs. 20-23.
Remarks.— The Texas specimens agree
well with Ruedemann's description of this
small variety. None of the rhabdosomes
measure more than 15 mm in length and
1.8mmin width.Exceptfor the sizedimen-
sions, all characters of the variety are the
same as those of the typical form.
Horizon.— Specimens of this variety
werecollected from the upperpart of the
Woods Hollow shale, zone 12 (collections
87, 94A, and 94C), where it is associated
with the typical form of the species and
with Amplexograptus cf. A. perexcavatus
and Orthograptus calcaratus var. acutus.
Ruedemann described the variety from
"Ordovician shale of Normanskill age" at
the southwest feeder of Portland Creek
Pond,Newfoundland.
DIPLOGRAPTUS MINUTUS Berry, n. sp.
PL 18, figs. 2,3
Description.— The rhabdosomes are
small, measuring 10 to 14 mm in length
and 1.1mmin width at the proximal end
but wideningto 2.0 mmdistally.The sicula
was not observed. The proximal end is
rounded and possesses a short virgella. A
septum begins between the fifth and sixth
thecal pair. The thecae number 11 to 12
in10mm,have aClimacograptus aspectin
theproximalregionof therhabdosome and
a gentle sigmoid curvature in the distal
part. They overlap one-third to one-half
their length and have wide apertural mar-
gins.
Horizon,— Specimens of this species
were obtained from the upperpartof the
Maravillas chert, zone 14 (collection45).
Holotype.— Yale Peabody Museum No.
20256.




Jour. Geol. Soc, vol. 31, p. 655, pi. 34, figs.
4a-f.
Diplograptus (Amplexograptus) confertus Elles
and Wood, 1907,Mon.British Grapt., pp. 269-
-270, text figs. 185a-c, pi. 31, figs. 18a-e.
Amplexograptus confertus Harris and Thomas,
1935,Royal Soc. Victoria, Proc. (n.s.), vol. 47,
pp.300-301, fig.1,nos.14a,b, fig. 3,nos.21-26.
Remarks.— The Texas specimens agree
with the description of the Australian
forms by Harris and Thomas. However,
the thecae are fewer (14 to 10in 10 mm)
than in the English types (16 to12 in 10
mm). Some of the Texas specimens are
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preserved in low relief in limestones, and
in these, the apertural excavations are
slightly wider and not quite so deep as in
the British types whicharepreserved flat-
tened in shale. Theseslight variationsmay
be due to the differences in preservation.
The details of the thecaeof the Texasspeci-
mens which are preserved flattened agree
with the figuresof the thecae of theBritish
material. The thecae of the Texas speci-
mens are fewer than the British types, but
in most of the specimens the number of
thecae fall within the rangeof variationof
the number of thecaeper 10mmgivenby
Elles and Wood. Therefore, the writer in-
cludes his forms under the species A.con-
fertus.
Horizon.— Specimens of A. confertus
were collected from zone 10, the highest
beds of the Fort Pena formation and the
lowest beds of the Woods Hollow shale
(collections 38, 46, 46A, 81, 85, and 92).
A.confertus isa diagnostic element of zone
10.Harris (1935) lists the species as com-
monin the zoneof Diplograptus decoratus
of the Middle Ordovician of Victoria,Aus-
tralia. Elles and Wood record it from the
zone of Didymograptus bifidus (Lower
Llanvirn) in Great Britain. The species
occursmuchearlier intheBritishsequence
than it does in the Marathon and Aus-
tralian sequences.
AMPLEXOGRAPTUS cf. A.DIFFERTUS Harris and
Thomas
Remarks.— Noneof the rhabdosomes of
the Texas specimens is longer than 1.5
cm, and they attain a width of 2.0 mmat
a distance of 7.0 mm from the proximal
end and widen to 2.5 mmat a distance of
10mm from the proximalend. The thecae
number 12 to 14 in 10 mm. The Texas
specimensarenot so long as the maximum
length of the forms described by Harris
and Thomas (1935, Royal Soc. Victoria,
Proc. (n. s.), vol. 47, p. 301, fig. 1, no.
15, fig.3, nos. 27—31), and the thecae are
slightly closer packed (12 to 14 in 10mm,
whereas they number 10 to 13 in 10 mm
in the Australian material). The Texas
specimens agree in the character of the
thecae with the description of those of A.
differtvs (the apertures are inclined with
notably thickened margins and they oc-
cupy one-third the width of the rhabdo-
some and one-fourth of the free edge).
Although the Texas specimens areslightly
smaller and have slightly closer packed
thecae, theyagree inall other respects with
A.differtus andshould be compared to it.
Horizon.— A few specimens of this form
were collected from zone10.It was identi-
fied incollection 46 from the basalbeds of
the Woods Hollow shale and in collection
85 from the highest beds of theFort Pena
formation. Harris and Thomas report the
species to be commonin the zoneof Diplo-
graptus decoratus in the Middle Ordo-
vician inVictoria,Australia.
AMPLEXOGRAPTUS cf. A. PEREXCAVATUS
(Lapworth)
PI.16, figs. 8, 13
Remarks.— The Texas specimens are
poorly preserved and the proximal ends
cannot be seen. The fragmentsof therhab-
dosomes seen are short and broad, 1to 2
cm in length and 2.2 to2.7mm inbreadth.
The thecae number 12 to 14 in 10 mm,
whereas Elles and Wood (1907, p. 267)
give a range of 12 to 16 in10 mmfor the
British specimens.Inthe reverseaspect the
thecae appear similar to those of Ortho-
graptus. In this view, the thecal overlap is
conspicuous. The ventral wall extends al-
most to the center of the rhabdosome and
the thecae maybe seen to overlap for one-
half their length. Also, the alternating ar-
rangement of the thecae is clear. In size
and shape of the rhabdosome and in num-
ber and character of the thecae. the Texas
specimens agree with the specific descrip-
tionof A.perexcavatusby Elles and Wood
(1907, Mon. British Grapt., pp. 267-269,
text figs. 184a-d, pi. 31, figs. Isa-d),but
since the proximal ends cannot be seen,
definite specific identification is not war-
ranted.
Horizon.— Thespecimens tentatively re-
ferred to A. perexcavatus were collected
from thehighestbeds in theWoodsHollow
shale, zone 12 (collection 87). Elles and
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Wood report that A.perexcavatusis avery
abundant fossil in the Glenkiln shales of
Scotland and Wales, where it ranges from
the zone of Nemagraptus gracilis to the
zone of Climacograptus wilsoni. EUes
(1925) lists it as a common fossil in the
zoneof Climacograptus bicornis var.pelti-
fer where it is associated with C. scharen-
bergi, Dicellograptus sextans, and Ortho-
graptus calcaratus var. acutus. The Texas
specimens tentatively referred to A. per-
excavatus were found in a similar as-
semblage. Harris and Thomas (1938b)
figure A.perexcavatusas a common form
in theGisbornian seriesof the Upper Ordo-
vicianof Victoria,Australia.
Genus GLYPTOGRAPTUS Lapworth, 1873
GLYPTOGRAPTUS cf. G.AUSTRODENTATUS
(Harris andKeble)
PL 13, figs. 2,3
Remarks.— The rhabdosomes of the
Texas specimens are longer and thinner
than the Australian form described by
Harris and Keble (1932, text figs. 1-4,pi.
5, figs. 4-5), since they average about
1.5 cm in length and widen from 1.5
mmat thebase to1.8 mmdistally, whereas
in the Australian material the rhabdo-
somes averageabout 1.0 cm in length and
widen to 2 mm distally. The thecae in
the Texas specimens number 14 in 10
mm, are 1.5 mm long and 0.3 mm wide,
and overlap one-half their length. In the
Australian forms, the thecae number 12
to 14 in 10 mm, are1.5 mm long and 0.5
mm wide, and overlap one-half to two-
thirds of their length. Inall other respects
the Texas specimens agreeclosely with the
specific description of G. austrodentatus
by Harris and Keble.
Horizon. — The forms tentatively re-
red to G. austrodentatus are rare in the
lower partof theFortPenaformation,zone
8 (collections10,95, 98A, and 112), and
are common in the upperpart of that for-
mation, zone 9 (collections 15, 28, 117,
117A, and 152). In Australia G. austro-
dentatus isa commonspecies in thelowest
zone of the Middle Ordovician, and it is
the name-giving species to that zone.It is
associated with Hallograptus etheridgei,
Cryptograptus schaferi, and Trigonograp-
tus ensiformis in Australia,and the form
herein tentatively referred toG.austroden-
tatus occurs with the same associates. A
closely similar species, G. dentatus, is the
characteristic form of graptolite bed 7 of
the Deepkill shale inNew York, and Ray-
mond's (1914) zoneD of the Levis shale
inQuebec.
GLYPTOGRAPTUS INTERSITUSHarris and Thomas
Glyptograptus intersitus Harris and Thomas,
1935, Royal Soc. Victoria,Proc. (n.s.),vol. 47,
pp. 296-297, fig. 1,nos. lla-e, fig. 3,nos. 7-10.
Remarks.— The Texas specimens agree
fully with the specific description by Har-
ris and Thomas.
Horizon.— Specimens of G. intersitus
werecollected from the upperpartof the
Fort Peiia formation, zone 9 (collections
13, 15,16,and 28).InVictoria,Australia,
the species is abundant in, and typical of,
the second zone (to which it is the name-
givingspecies) of the Middle Ordovician.
It also occurs in the highest beds of the
zonebelow (zone of Glyptograptus austro-
dentatus) and the lowest beds of the zone
above (zoneof Diplograptus decoratus).
GLYPTOGRAPTUS TERETIUSCULUS (Hisinger)
PI.14, figs. 3-5,8; PL 16, fig. 5
Prionotus teretiusculus Hisinger, 1840, Lethaea
Suecica, Suppl. 11,p. 5, pi.38, fig. 4.
Diplograptus (Glyptograptus) teretiusculusElles
and Wood, 1907, Mon.British Grapt.,pp. 250-
-252, text figs. 171a-d, pi. 31, figs. la-e.
Diplograptus (Glyptograptus) teretiusculus
Ruedemann, 1947, Geol. Soc. America Mem.
19,pp.408-409,pi. 69, figs. 35-45.
Remarks.— As Elles and Wood indicate,
therhabdosomes of G. teretiusculus display
aconsiderable variation inshape.Many of
the Texas specimens are thinner than the
British types but agree in all other char-
acterswith thespecific descriptionby Elles
and Wood. Some of the Texas specimens
agree closely in all dimensions withElles
and Wood's specific description.Stillothers
of the Texas specimens are wider than the
British materialbut compare favorably in
size with Swedish material. However, the
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thecae of these latter Texas formsnumber
but 9 in 10 mm while the thecae of the
Swedish and English forms number 10 to
14 in 10 mm. The Texas specimens with
wide rhabdosomes and fewer thecae have
been identified as G.cf. G. teretiusculus.
Horizon.— G. teretiusculus is a common
form in the WoodsHollow shale. Itoccurs
inboth zones11 (collections 104,137,and
150) and12 (collections 87,94C,105,127,
and 136). The specimens referred to G.
teretiusculus arethecharacteristic forms of
zone 10 and give their name to that zone.
They were collected from the uppermost
beds of the Fort Pefia formation (collec-
tions81, 85, 92, and 126).G. teretiusculus
is common in the Normanskill shale in
New York according to Ruedemann, and
he further states that it isknown from the
Womble shalein Arkansas, the Stringtown
shale inOklahoma, andlocalities inBritish
Columbia, Nevada, New Jersey, Quebec,
and Newfoundland. In Great Britain, the
species is characteristic of horizon 8 (the
zone of G. teretiusculus), but it ranges
through zones 9 (zone of Nemagraptus
gracilis) and 10 (zone of Mesograptus
multidens) to zone 11 (zone of Climaco-
graptus wilsoni). Harris (1935) lists G.
teretiusculus as a very common species in
the highest beds of the Middle Ordovician
inVictoria,Australia,andit givesitsname
to a zone which comprises the youngest
beds of the Victorian Middle Ordovician.
Thomas and Keble (1933) record thespe-
cies from the Gisbornian seriesof the Vic-
torian Upper Ordovician. G. teretiusculus
is a commonand long-ranging species in
the Marathon, Victorian and British grap-
tolite sequences,and it is the characteristic
form of the zone below that of Nema-




Diplograptus (Glyptograptus) euglyphus Lap-
worth,1880, Ann.Mag.Nat. Hist.,vol. 5,p. 166,
pi.4, figs.14a-e.
Diplograptus (Glyptograptus) teretiusculus var.
euglyphus Elles and Wood, 1907, Mon.British
Grapt.,p. 252, text fig. 172,pi.31, figs. 2a-d.
Diplograptus (Glyptograptus) euglyphus Ruede-
mann, 1947, Geol.Soc. America Mem. 19, pp.
405-406, pi. 69, figs. 46-50, 55-59.
Remarks.— The Texas specimens agree
closely with the varietal description by
Elles and Wood.
Horizon.— This variety is a fairly com-
mon fossil in the Woods Hollow shale. It
is found inboth zones11 (collections104,
148, and 150) and 12 (collections 87,
94A, 948, 94C, 100, and 127).Elles and
Wood state that the variety is fairly com-
mon in the zone of Nemagraptus gracilis
in theGlenkiln shales of southern Scotland.
Harris andThomas (1935) refer aform to
this variety which is commonin theupper-
most zone (zoneof G. teretiusculus) of the
Middle Ordovician of Victoria, Australia.
GLYPTOGRAPTUS TERETIUSCULUS var. PYGMAEUS
(Ruedemann)
Diplograptus euglyphus var. pygmaeus Ruede-
mann,1908,New YorkState Mus. Mem. 11,p.
371, textfigs. 317, 318, pi.25, fig. 24.
Diplograptus (Glyptograptus) euglyphus var.
pygmaeus Ruedemann,1947, Geol.Soc. Amer-
ica Mem. 19,p. 406,pi. 69, figs. 51-53.
Remarks.— The Texas specimens agree
closely withRuedemann's figures of Diplo-
graptus {Glyptograptus) euglyphus var.
pygmaeus. The writer considers the form
G.euglyphus to be avariantof G. teretius-
culus and not a distinct species, and the
forms Ruedemann considered to be varie-
ties of G.euglyphus belong to the complex
of forms related to G. teretiusculus. The
variety pygmaeusis similar to the variety
euglyphus except that the thecae number
14 to 15 in 10mm (invar.euglyphus they
measure9 to 11 in 10mm) and the rhab-
dosome is much thinner (0.9 to 1.4 mm
wide whereas var. euglyphus is 1.4 to 2.2
mmin width).
Horizon.— Specimens of this variety
werecollected from the upperpartof the
Woods Hollow shale, zone 12 (collections
94A, 105, and 127). Ruedemann reports
the speciesin the Normanskill shale at one
locality nearLansingburg,New York,and
from the Stringtown shale inOklahoma.
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GLYPTOGRAPTUS TERETIUSCULUS var. SICCATUS
(Elles and Wood)
Diplograptus (Glyptograptus) teretiusculus var.
siccatus Elles and Wood, 1907, Mon. British
Grapt., p. 253, text figs. 173a, b, pi. 31, figs.
3a-d.
Remarks.— The Texas specimens agree
closely with the specific description by
Elles and Wood.
Horizon.— Specimens of this variety
werecollected from onelocality (collection
139) which is in the lower part of the
Woods Hollow shale, zone 11. Elles and
Wood state that the formis fairly common
intheGlenkiln shalesand their equivalents
in the British Isles. It occurs associated
with Nemagraptus gracilis and Dicello-




PL 18, fig. 9
Remarks.— The rhabdosomes of the
Texas specimens referred to this species
are all broken. The longest fragment is 6
cm in length and is 3.0 mm in width. The
specimens agree in size with Elles and
Wood's (1907, Mon. British Grapt., pp.
239-241, text figs. 159a-c, pi. 30, figs,
la-c) description of the species. They also
agree with the description of O. calcaratus
in character of the thecae, in number of
the thecae (8 to 9 in 10 mm),and in the
presence of a stout virgula tube.However,
the proximal ends of the Texas specimens
arenot preserved,and since this is a char-
acteristicportion of the rhabdosome of O.
calcaratus, specific identification cannot
be made without seeing it.
Horizon.— The specimens provisionally
referred to O. calcaratus were collected
from the middle part of the Maravillas
chert, zone 14 (collections 83A, 131, and
131A ). Ruedemann reports the species
from the shale at Fall Creek,Hailey quad-
rangle, Idaho. Elles and Wood state that
"O. calcaratus is a common fossil in the
lower Hartfell shales in the zone of
Dicranograptus clingani." Thomas and
Keble (1933) list thespecies as present in
the Eastonian and Bolindian series of the
Upper Ordovician in Victoria, Australia.
ORTHOGRAPTUS CALCARATUS var. ACUTUS
(Lapworth)
PI.16,figs. 3,4
Diplograptus (Orthograptus) calcaratus var.
acutus Lapworth,MS, 1890.
Diplograptus (Orthograptus) calcaratus var.
acutus Elles and Wood, 1907, Mon. British
Grapt., p. 242, text fig. 161, pi. 30, figs. 3a-c.
Diplograptus (Orthograptus) calcaratus var.
acutus Ruedemann, 1947, Geol. Soc. America
Mem.19, p. 399,pi. 68, figs. 14-19.
Remarks.— The Texas specimens agree
fully with the specific description by Elles
and Wood.
Horizon.— Specimens of this variety
were collected from the upper part of the
Woods Hollow shale, zone12 (collections
87 and 94A).Ruedemann states that it is
common in the Normanskill shale in New
York and that it is also found in the
"Athens shale" in Virginia. Elles and
Wood record it from the Glenkiln shales
in Scotland and Wales. The form occurs
with the same associates (Diplograptus
multidens and Dicettograptus sextans) in
boththe Britishand Marathon successions.
Thomas and Keble (1933) list the variety
acutus from the Eastonian and Bolindian
seriesof theUpperOrdovician inVictoria,
Australia. The form apparently appears
in youngerbeds in the Australia sequence
than it does in the British Isles or in the
Marathon region.
ORTHOGRAPTUS CALCARATUS var. ALABAMENSIS
(Ruedemann)
Diplograptus foliaceus var. alabamensis Ruede-
mann, 1908, New York StateMus. Mem. 11,p.
352,pi.25, fig.3.
Diplograptus (Orthograptus) calcaratus var.
alabamensis Ruedemann, 1947, Geol. Soc.
America Mem. 19, p.399, pi.68, fig.20.
Remarks.— The Texas specimens agree
closely with Ruedemann's description.
Horizon.— Specimens of this variety
were collected from the upper part of the
Woods Hollow shale, zone 12 (collections
94A, 100, and 127). Ruedemann's types
came from the Athens shale at Pratts
Ferry, Bibb County, Alabama. Decker
(1952) records the species from several
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PL 19, fig. 3
Remarks.— The rhabdosomes of the
Texas specimens are broken, but they
agree in generalform with the description
by Elles and Wood (1907, Mon. British
Grapt., p. 243, text figs. 162a, b, pi. 30,
figs. 2a-d). The largest fragment of the
Texas material measures 6 cm in length
and2.5 mminbreadth.The thecaenumber
10 to 12 in 10 mm, overlap one-half their
extent,andhave an averagelength of about
3 mm.The Texas specimens agreeclosely
in size and shape and in number and
character of the thecae with the descrip-
tion of O. calcaratus var. basilicus by
Elles and Wood. However,in noneof the
Texas specimens are the proximal ends
of the rhabdosomes preserved, and since
thenature of the proximal end isa charac-
teristicportion of the rhabdosome,specific
identification is uncertain.
Horizon.— Thespecimens tentatively re-
ferred to 0. calcaratus var.basilicus were
collected from themiddle part of theMara-
villas chert, zone 14 (collections 54 and
83A).Elles and Woodstate that the variety
basilicus "occurs in fair abundance in the
zones of Dicranograptus clingani and
Pleurograptus linearis" of the Hartfell
shales inScotland and Wales. Thomas and
Keble (1933) record the variety from the
Eastonian and Bolindian series of the
UpperOrdovician inVictoria,Australia.
ORTHOGRAPTUS CALCARATUS var. INCISUS
(Lapworth)
PI.17, figs. 3, 7
Graptolithus pristis Hall, 1847, Paleontology of
New York, vol.1,p. 72, fig. 11.
Diplograptus foliaceus var. incisus Lapworth inRuedemann,1908,New YorkState Mus. Mem.
11, pp. 347-349, text figs. 283-287, pi. 24, figs.
1-8.
Diplograptus (Orthograptus) calcaratus var. in-
cisus Ruedemann, 1947, Geol. Soc. America
Mem. 19,p. 400, pi.68, figs.1-13, 24.
Remarks.— The Texas specimens are
poorly preserved but agree with the de-
scription of this variety by Ruedemann
in size (up to 4.5 cm in length and 3 mm
in breadth), innumber of thecae (8 to 9
in 10 mm), in inclination of the thecae
(40 to 50 degrees to the nemacaulus), in
character of the thecae, and in general
shape of the rhabdosome.
Horizon.— Specimens of this variety
were collected from the lower part of the
Maravillas chert, zone 13 (collections 106
and 128). Ruedemann reports that this
variety iscommonintheNormanskill shale
in New York. The writer has observed it
at theNew York StateMuseum at Albany,
New York, in collections from the Magog
shaleand at the Universityof Oklahoma in
collections from the Stringtown shale of
Oklahoma and the Womble shale of Ar-
kansas.
ORTHOGRAPTUS cf. O. CALCARATUS var.
VULGATUS (Lapworth)
PL 18, fig. 8
Remarks.— The Texas specimens agree
with the descriptionof this varietyby Elles
and Wood (1907, Mon.BritishGrapt., pp.
241-242, text figs. 160a-c, pi. 30, figs.
sa-d) in size, in the abrupt wideningand
general coarseness of the rhabdosome, and
in the moreeverted character of the aper-
turalmarginof the thecae insubsclariform
view.However,the thecae arerather sparse
(8 in10mmcompared to8 to 10 in10mm
in theBritish specimens),andtheproximal
ends arenotpreserved.Since the natureof
the proximal end of the rhabdosome in
this variety is an important characteristic,
the Texas specimens can be referred to
this speciesonly tentatively.
Horizon.— Specimens referred to 0.cal-
caratus var. vulgatus were collected from
the lower and middle parts of the Mara-
villas chert, zone 13 (collections 134 and
134A) and zone 14 (collections 45 and
131A). Ruedemann (1947) records the
variety vulgatus from the Magog shale in
Quebec. Elles and Wood state that it is an
abundant fossil in the lower part of the
Hartfell shales of southernScotland where
it occurs in the zones of Climacograptus
wilsoni and Dicranograptus clingani. The
Texas forms occur inzone13 of the Mara-
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thon sequence with the same associates
(Dicranograptus nicholsoni and Ortho-
graptus truncatus var. intermedius) as
does the variety 0. calcaratus var. vulga-
tus in the zone of Climacograptus wilsoni
in Scotland. The form rangesinto thenext
higher zone in both the Marathon and
British sequences. Thomas and Keble
(1933) list 0. calcaratus var. vulgatus
from the Gisbornian and Eastonian series
of the Upper Ordovician in Victoria,Aus-
tralia.
ORTHOGRAPTUS QUADRIMUCRONATUS (Hall)
PI. 18, fig. 1
Graptolithus quadrimucronatusHall,1865,Cana-
dian Organic Remains,p. 144,pi.13, figs. 1-10.
Diplograptus (Orthograptus) quadrimucronatus
Elles and Wood, 1907,Mon.British Grapt.,pp.
223-224, text figs. 145a-f, pi. 28, figs. la-d.
Glossograptus quadrimucronatus Ruedemann,
1947, Geol. Soc. America Mem. 19, pp. 452-
-454, pi.78, figs. 1-5,not pi.81, figs. 29-32.
Remarks.— The Texas specimens agree
closely with the specific description by
Elles and Wood. The rhabdosomes of this
species do not have the long dorsal and
lateral spines whichcharacterize the genus
Glossograptus, and the writer follows Elles
and Wood inconsideringit tobe anortho-
graptid in which the thecae arenearly rec-
tangular in section and the aperturai
margins areslightly lobate and spinose.
Horizon.— Specimens of 0. quadrimu-
cronatus werefirst recognizedincollections
from theMarathon regionbyRuedemann
(inSellards, 1933). The writer found the
species tobe acommonform inthemiddle
part of the Maravillas chert, zone14 (col-
lections 45, 55, 73A,83A, and 83B). The
species is a characteristic element of the
fauna of zone14and givesits nameto that
zone.Ruedemann records the typical form
of O. quadrimucronatus from the Atwater
Creek shale in New York and from the
Gloucester shale at Lake St. John in the
Provinceof Quebec.Elles and Wood report
the species to be a rather commonform in
the zone of Pleurograptus linearis in the
Hartfell shalesof southernScotland. Harris
and Thomas (1938b) report that O.quad-
rimucronatus is a common form in the
basal part of the Bolindian series (zoneof





Glossograptus quadrimucTonatus var. angustus
Ruedemann, 1947, Geol. Soc. America Mem.
19,p.454,pi. 79,figs. 20-24.
Remarks.— Ruedemann's types of this
slender variety came from the Maravillas
chert in the Marathon region. Specimens
collected by thewriterareidentical to those
described by Ruedemann.
Horizon.— The writerfound this variety
of 0. quadrimucronatus to be a common
form in the lower part of the Maravillas




Glossograptus quadrimucronatus var. cornutus
Ruedemann,1908,New York StateMus. Mem.
11, pp. 393-394, text figs. 338-342, pi. 27, figs.
8-10.
Glossograptus quadrimucronatus var. cornutus
Ruedemann, 1947, Geol. Soc. America Mem.
19,p.455,pi. 78,figs. 23-31.
Remarks.— The Texas specimens agree
closely with Ruedemann's description of
this variety.
Horizon.— Specimens of this variety
werecollected from onelocality (collection
134A) which is in the lower part of the
Maravillas chert, zone13. Ruedemann re-
cords the species from the Canajoharie
shale near Albany, New York, and from
the upper part of the Womble shale near
Crystal Springs, Arkansas.
ORTHOGRAPTUS aff. O. TRUNCATUS (Lapworth)
Remarks.— The Texas specimens are
poorly preserved and broken, so that the
nature of the proximal end is difficult to
see.However, the fragments of the rhabdo-
somes are up to 3 cm in length and 3 to
3.5 mm inbreadth; theyagree in size with
the Britishmaterial. Also, the thecae agree
in number and in character with those of
O. truncatus describedby Elles and Wood
(1907, Mon. British Grapt., pp.233-235,
text figs. 154a,b,pi. 29, figs. 3a-e).At the
New York State Museum, the writer has
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examined specimens which Ruedemann
identified as Amplexograptus amplexi-
caulis and isof the opinion that allof them
belong to the Orthograptus truncatus
group. Most of the specimens should
properlybe referred to O. truncatus itself,
but somebelong toa distinct variety.
Horizon.— The specimens referred to O.
truncatus were collected from the lower
and middle parts of the Maravillas chert,
zones 13 (collections 868, 128, and 134)
and 14 (collection 83A). Ruedemann
(1947) records Amplexograptus amplexi-
caulis from the Maravillas chert, the Tren-
ton limestone atTrentonFalls nearMiddle-
ville, New York, the Snake Hill shale in
New York, and the Viola limestone in
Oklahoma. Elles and Wood state that 0.
truncatus is anabundant fossil in the zones
of Dicranograptus clingani and Pleuro-
graptus linearis of the Hartfell shales in
the British Isles. Thomas and Keble
(1933) list 0. truncatus from the Easto-
nian and Bolindian series of the Upper
Ordovician in Victoria,Australia.
ORTHOGRAPTUS TRUNCATUS var. ABBREVIATUS
(Elles and Wood) ?
PL 20, fig. 10
Remarks.— The Texas specimens are
small and poorly preserved. The largest
specimen is 9 mm in length and widens
gradually to a width of 2 mm.The figures
of the English types measure 2 mm in
width 9 mm from the sicula. The thecae
are like those of 0. truncatus but widen
conspicuously towards the aperture.In this
respect they agree with Elles and Wood's
description (1907, Mon. British Grapt.,
pp.235-236, text figs. 155a-d,pi. 29, figs.
6a-e).However, thethecae appeartobe in-
clined at a slightly higher angle to the
stipe thanin the English material,but this
maybe amatter of preservation. Further,
the preservation isso poor that the details
of the proximal end areobscure.
Horizon.— The specimens referred to
this variety werecollected from thehighest
beds of the Maravillas chert, zone15 (col-
lection 147). Elles and Wood report the
variety to be characteristic of the highest
beds of the Hartfell shales (zones of Di-
cellograptus complanatus and D. anceps)
in the British Isles.The variety occurs with
the same associates (D. complanatus and
0. truncatus var. socialis) in both the
Marathon and British sequences.
ORTHOGRAPTUS TRUNCATUS var. INTERMEDIUS
(Elles and Wood)
PL 17, figs. 4, 5
Diplograptus (Orthograptus) truncatus var. in-
termediusElles and Wood, 1907, Mon.British
Grapt., p.236, text figs.156a,b,pi.29, figs. 4a-e.
Remarks.— Some of the Texasspecimens
agree closely with Elles and Wood's de-
scription of this variety except that the
thecae number 10 to11 in10 mmwhereas
Elles and Wood give a measure of 10 to
14 in 10 mm. Others of the Texas forms
agree with Elles and Wood's descriptionin
size and ingeneral formof the thecae,but
they do not agree innumber of thecae (8
to 9 in 10 mm) nor in the overlap of the
thecae. Theselatter forms havebeenidenti-
fied as O. truncatus cf. var. intermedius.
Some of the specimens at the New York
State Museum which were identified by
Ruedemann as Amplexograptus amplexi-
caulis should, in the writer's opinion, be
referred to O. truncatus var. intermedius,
because these forms agree well with Elles
and Wood's varietal description.
Horizon.— All specimens of this variety
(including those referred to it) werecol-
lected from zone13 which encompasses the
lower part of the Maravillas chert. The
form is a characteristic element of the
fauna of zone 13. Good specimens of the
variety were identified in collections 73,
868,and134A,and specimens referred to
the variety were identified in collection
134. Ruedemann (1947) reports the
variety from the McKenzie Mountains,
North West Territory, Canada. Ruede-
mann's specimens identified as A.amplexi-
caulis, but which are 0. truncatus var.
intermedius,came from the Trenton lime-
stone at Trenton Falls near Middleville,
New York, and from the Snake Hill
shale inNew York. Elles and Wood state
that "var. intermedius is especially char-
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acteristic of the zone of Climacograptus
wilsoni, and also occurs in the zone of
Dicranograptus clingani" in the British
Isles. Thomas and Keble (1933) list the
var. intermedius from the Eastonian and
Bolindian series of the Upper Ordovician
inVictoria,Australia.
ORTHOGRAPTUS TRUNCATUS var. PERTENUIS
(Ruedemann)
Diplograptus amplexicaulisvar. pertenuisRuede-
mann,1908,New York State Mus.Mem. 11,pp.
365-366, text figs. 308-310,pi.25, figs.14-16.
Diplograptus (Amplexograptus) amplexicaulis
var. pertenuis Ruedemann, 1947, Geol. Soc.
America Mem.19, p. 412, pi. 70, figs. 16-22.
Remarks.— The Texas specimens agree
closely with Ruedemann's description of
the variety pertenuis. The writer has
studied the type specimens of this variety
at the New York State Museum and is of
the opinion that it belongs to the Ortho-
graptus truncatus group. Since it belongs
to that group,but does not agree with any
of the previously described varieties, it is
herein considered to be another variety of
O. truncatus.
Horizon.— Ruedemann (in Sellards,
1933) first reported the variety pertenuis
from the Maravillas chert, and the writer
collected it from the lower and middle
parts of that formation, zones 13 (collec-
tion 134A) and 14 (collection 132).
Ruedemann's type material came from the
SnakeHill shale inNewYork.
ORTHOGRAPTUS TRUNCATUS var. RECURRENS
(Ruedemann)
PL 18, figs. 4,5
Diplograptus recurrens Ruedemann, 1925, New
YorkState Mus. Bull. 262,pp. 58-59, text figs.
42-46, pi. 7, figs. 2-4.
Diplograptus (Amplexograptus) recurrensRuede-
mann, 1947, Geol. Soc. America Mem. 19, p.
414,pi. 70, figs. 40-50,55.
Remarks.— The Texas specimens agree
closely with Ruedemann's description. The
writer has studied the type specimens of
this form at the New York State Museum
andis of the opinion that it belongs to the
Orthograptus truncatusgroup.The formis
close to the varietypauperatusbut maybe
distinguished fromitby thecloser arrange-
ment of the thecae and the smaller dimen-
sions of the rhabdosome. The thecae num-
ber 13 to16 in10mminthe variety recur-
rensand12 to14inthe varietypauperatus.
Further,the rhabdosome of the variety re-
currens is a maximumof 1.8mm in width
and 2.5 cm in length while the rhabdo-
some of the varietypauperatusmeasures a
maximumof 2.0 mm in width and 6 cm
in length. Because the variety recurrens is
different from any previously described
varietyof 0. truncatus, the writerconsiders
ita distinctvariety.
Horizon.— Specimens of this variety
werecollected from the middle part of the
Maravillas chert, zone 14 (collections 45,
131A, and 132). Ruedemann records the
form from the lower part of the Lorraine
group (Whetstone Gulf formation) in
New York and from the upper part of the
Viola limestone inOklahoma.
ORTHOGRAPTUS TRUNCATUS var. SOCIALIS
(Lapworth)
PL 20, figs. 4-6.
Diplograptus socialisLapworth,1880, Ann. Mag.
Nat.Hist., ser. 5, vol. 5, p. 166,pi.4, figs.13a-e.
Diplograptus (Orthograptus) truncatus var. so-
cialis Elles and Wood, 1907, Mon. British
Grapt., pp. 237-238, text figs. 157a-d, pi. 29,
figs. 7a-e.
Remarks.— The Texasspecimens arenot
well preserved but appear to agree with
Elles and Wood's figures and description
of this variety. The form described by
Ruedemann (1947, p. 402, pi. 69, figs.
9-11) as Diplograptus (Orthograptus)
nexus is anOrthograptus of the truncatus
type and is quite similar to the variety
socialis.
Horizon.— Specimens of this variety
werecollected from the highestbeds in the
Maravillas chert, zone 15 (collection 60).
Elles and Wood report it to be common in
the zone of Dicellograptus complanatus in
theupper part of the Hartfell shales in the
British Isles.
ORTHOGRAPTUSWHITFIELDI (Hall)
PL 16, fig. 7
Graptolithus whitfieldi Hall, 1859, Paleontology
ofNew York,vol. 3,p. 516, fig.1.
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Diplograptus (Orthograptus) whitfieldi EllesandWood, 1907,Mon.British Grapt., pp. 227-228,
textfigs. 149a,b, pi.28, figs. 6a-d.
Glossograptus whitfieldi Ruedemann, 1947, Geol.
Soc. America Mem. 19,pp. 457-458,pi. 77, figs.
23-26.
Remarks.— The Texas specimens agree
well with the specific description by Elles
and Wood.The rhabdosomes of thisspecies
do not have the long dorsal and lateral
spines whichcharacterize the genusGlosso-
graptus, and the writer follows Elles and
Wood in considering it to be an ortho-
graptid in which the thecae arenearly rec-
tangular in sectionand the apertural mar-
gins areslightly lobate and spinose.
Horizon.— Specimens of 0. whitfieldi
were collected from the upper part of the
Woods Hollow shale, zone 12 (collections
94A, 105, and 127). Ruedemann records
the species from the Normanskill shale in
New York and from the Womble shale in
Arkansas. Elles and Wood report it from
the Glenkiln shales in the British Isles. It
occurs in both continents with the same
associates (Diplograptus multidens,Dicel-
lograptus sextans, and Climacograptus bi-
cornis).
Family ?Diplograptidae Incertae Sedis
Genus TRIGONOGRAPTUS Nicholson, 1869
TRIGONOGRAPTUSENSIFORMIS (Hall)
PI.12, fig.10; PI.13, figs. 6,7
Graptholithus ensiformis Hall, 1858, CanadaGeol. Survey, Rept. Prog, for 1857, p. 133.Trigonograptus ensiformis Elles andWood, 1908,Mon. British Grapt., pp. 302-303, text figs.
202a-c,pi. 35, figs. la-c.
Trigonograptus ensiformis Ruedemann, 1947,
Geol. Soc. America Mem.19, pp. 447-448, pi.
76, figs. 49-57.
Remarks.— The rhabdosomes of the
Texas specimens are smaller than the type
forms in length and width but agree inall
other details.The length of the Texasspeci-
mens ranges from 2 to 5 cm, with anaver-
age of about 3 cm, and the width ranges
from 1.5 to3 mm, with anaverageof about
2 mm. The thecae number 9 to 11in 10
mm, areinclined atanangleof 45degrees,
and are in contact throughout their length.
Horizon.— T. ensiformis is common in
the upperpartof theFortPeiia formation,
zone9 (collections 13, 15, 28, and 98).A
few specimens were found in the lower
part of that formation, zone 8 (collection
62). The species is common in zone 3
(zone of Diplograptus dentatus) of the
Deepkill shale in New York. Hall's types
came from the Levis shale in Quebec, and
Raymond (1914) lists it from his zoneD
(zone of D. dentatus) of that formation.
Elles and Woodrecord T.ensiformis from
the upper part of the Skiddaw slates in the
British Isles, and Harris (1935) records
it from the lower two zonesof the Middle
Ordovician inVictoria,Australia.
Bulman, 1955Family Lasiograptidae
Genus HALLOGRAPTUS Lapworth, 1877
HAIXOGRAPTUS BIMUCRONATUS (Nicholson)
Diplograptus bimucronatus Nicholson,1869, Ann.
Mag. Nat.Hist., ser. 4, vol. 4, p. 236, pi. 11,
fig. 12.
Lasiograptus (Hallograptus) mucronatus var.
bimucronatus Elles and Wood, 1908, Mon.
British Grapt., pp. 323-324, text figs. 212a, b,
pi. 33, figs.Ba-e.
Lasiograptus (Hallograptus) bimucronatus Rue-
demann,1947, Geol.Soc. America Mem. 19, p.
465,pi.80, fig.52,pi.81, figs. 11-28.
Remarks.— This distinctive form was
originally describedby Nicholson as a dis-
tinct species,but Elles and Wood included
it as a variety under Lasiograptus (Hallo-
graptus) mucronatus. The writeris of the
opinion that the differences are sufficient
to distinguish the two forms as separate
species. H. bimucronatus has closely set
thecae (12 to 16 in 10 mm) whereasH.
mucronatus has 8 to 10 thecae in 10 mm.
The rhabdosomes of H.bimucronatus are
medium sized, attaininga length of 5 cm
or more, although specimens attaining a
length of 3 cm areof most frequent occur-
rence.Mature forms are3 mm wide. This
width is attained 15 mm from the sicula.
Rhabdosomes of H. bimucronatus are
wider and longer than those of H. mucro-
natus. Further, the apertural spines in H.
bimucronatus are thicker and diverge
earlier than those of H. mucronatus so
that the paired nature of the spines is
nearly always seen, and some specimens
of H.bimucronatus show distinct scopulate
processes extending outward beyond the
margin of the thecae. The Texas speci-
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mens of H. bimucronatus agree in all re-
spects with the description by Ruedemann
of Lasiograptus (Hallograptus) bimucro-
natus.
Horizon.— H. bimucronatus was col-
lected from the Woods Hollow shale,zones
11 (collection 137) and 12 (collection
948).Ruedemann records thespecies from
the Normanskill shale in New York and
the Womble shale in Arkansas. Elles and.
Wood state that this form is fairly common
in the zone of Nemagraptus gracilis of
the Glenkiln shales in the British Isles.
The species occurs with identical zonal
assemblages in the British and Marathon
successions.
HALLOGRAPTUS ECHINATUS (Ruedemann)
Glossograptus echinatus Ruedemann, 1904, New
York State Mus. Mem. 7, pp. 725-726, text fig.
102,pi.16, figs. 30-32.
Lasiograptus (Hallograptus) echinatus Ruede-
mann, 1947, Geol.Soc. America Mem. 19, pp.
462-463,pi. 77, figs. 9-12, 14,not figs. 13,16.
Remarks.— The Texas specimens agree
well with Ruedemann's specific descrip-
tion. The genus of this form is in some
doubt,but the writerfollows Ruedemann's
last opinion and leaves the form in the
genusHallograptus.Bulman (1955) raised
Hallograptus from subgeneric to generic
status. The form from the Glenogle shale
(fig. 13) is not the same species as the
New York and Marathon forms.
Horizon.— This species was collected
from zone 9, the upper part of the Fort
Pefia formation (collections 13, 42, 98,
and149). Ruedemann (inSellards, 1933)
first identified the species from the Mara-
thon region, and his type material came
from the Diplograptus dentatus zone of
the Deepkillshale inNew York.
HALLOGRAPTUS ETHERIDGEI (Harris)
PI.12, figs. 6,9b;PL13, fig, 4
Lasiograptus(Thysanograptus) etheridgeiHarris,
1924, Royal Soc. Victoria,Proc. (n.s.), vol. 36,
pp.98-99,pi.7, figs. 3-7.
Remarks.— The Texas specimens agree
well with Harris' specific description ex-
cept that the Texas specimenshave amaxi-
mum width of 3 mm (exclusive of the ex-
ternal meshwork),while Harris records a
maximum width of 4 mm. H. etheridgei
resembles the British L. costatus but the
British form has more closely set thecae
(10 to 16 in10 mm) and themainribs of
the meshwork originate from the mesial
angles of the thecae and curve outward,
thendownward. The thecaenumber 9 to 11
in 10 mmin H. etheridgei, and the main
ribs of the meshwork appear to arisefrom
the apertureof the thecae and curve out-
ward, then split with one part curving
downward and the other curving upward.
The mainribs of H.etheridgei are thicker
than in the British form, and frequently
therhabdosomes andonly themainribs of
themesh arepreservedand those ribsshow
the split at their distal end. The sicula is
about 1mm in length and in some speci-
mens the virgella appears to be thickened
and projects downward for 1mmfrom the
sicula. ThecaI1 grows downward for the
greater part of its length then bends up-
ward in the region of the apertureand Th
I2 appears to grow downward at first be-
fore bending upward; the proximal end
has a cryptograptid aspect.
Horizon.— H. etheridgei is a common
form in the upper part of the Fort Pefia
formation, zone 9 (collections13, 14, 15,
117, and 149) andhas been selected as the
name-giving species of that zone. Harris
(1935) lists it as verycommonin the zone
of Glyptograptus intersitus of the Middle
Ordovician of Victoria, Australia. The
species occurs with the same associates
(Trigonograptusensiformis,Glyptograptus
intersitus, and Cryptograptus schaferi) in
both the Marathon and Victorian se-
quences.
HALLOGRAPTUS MUCRONATUS (Hall)
PL 16, fig. 6
GraptolithusmucronatusHall,1847,Paleontology
of New York,vol. 1,p. 268, pi. 73, figs. la-d.
Lasiograptus (Hallograptus) mucronatus Elles
and Wood, 1908,Mon.British Grapt., pp. 321-
-322, text figs. 210a,b, pi. 33, figs. 6a-e.
Lasiograptus (Hallograptus) mucronatus Ruede-
mann,1947, Geol. Soc. America Mem. 19, pp.
463-464,pi.81, figs.1-9.
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Remarks.— The Texas specimens agree
fully with the specific description by
Ruedemann.
Horizon.— Only a few specimens of this
species werefound,and theycame fromthe
upper part of the Woods Hollow shale,
zone 12 (collections87, 94A,and 948).It
is one of the commonest forms in the Nor-
manskill shale in New York. Decker
(1952) lists it from the Stringtown shale
of Oklahoma and the Womble shale of
Arkansas. Elles and Wood described it
from the Glenkiln shales of Scotland,
Wales, and Ireland. The forms listed as
Lasiograptus (Hallograptus) etheridgei
Harris from Victoria, Australia, are dis-
tinct species and arenot synonymous with







Retiograptus sp.Decker, 1935, Jour.Paleont.,vol.
9, p. 708, fig.21.
Retiograptus deckeri Ruedemann, 1947, Geol.
Soc. America Mem.19,pp. 458-459,pi.80, figs.
33-41.
Remarks.— The Texas specimens are
small but agree well with Ruedemann's
specific description.
Horizon.— Specimensof R.deckeri were
collected from the top of the Maravillas
chert,zone15 (collection60).Ruedemann
records the species from both the Polk




Retiograptus geinitzianus Hall, 1859, Paleon-
tology of New York,vol. 3, p. 518.
Retiograptus geinitzianus Elles and Wood, 1908,
Mon. British Grapt., pp. 316-317, text figs.
209a-c,pi.34, figs. 7a-d.
Retiograptus geinitzianus Ruedemann, 1947.
Geol. Soc. America Mem. 19, pp. 459-460, pi.
80, figs. 11-26.
Remarks.— The Texas specimens agree
well with the specific description by Elles
and Wood. Many of the specimens are
fragmentary,butsome wholerhabdosomes
were found.
Horizon.— Fragments of thisspecies are
common in zones 11 and 12 (collections
94A, 122, 136, 137, and 139) and are
common elements of the fauna of the
Woods Hollow shale. Hall's types came
from the Normanskill shale at Albany,
New York, and the species has been re-
corded by Ruedemann from several other
localities in the Normanskill shale. Ruede-
mann also reports it from the Womble
shale in Arkansas, the "Athens" shale at
Pratts Ferry, Alabama, and the Glenogle
shale inBritish Columbia. Elles and Wood
state that "R.geinitzianus is a rare fossil
in the Glenkiln shales" of Scotland and
Wales, and T. S. Hall (1920) listed the
species from the Upper Ordovician of Vic-
toria, Australia. The species is found with
the same associates (Nemagraptus gracilis,
Dicellograptus sextans, Climacograptus
antiquus) in North America, England,
and Australia.
RETIOGRAPTUS PULCHERRIMUS Keble andHarris
PI.17, figs. 9, 10b
Retiograptus pulcherrimus Keble and Harris,
1934, Nat. Mus. Melbourne Mem. 8, pp. 178-
-179, text fig. 6,pi.22, fig. 1.
Remarks.— The Texas specimens agree
fully with the specific descriptionby Keble
and Harris.
Horizon.— This species is a common
form in the lower and middle parts of the
Maravillas chert, zones 13 and 14 (collec-
tions 45, 55, 73, 838, 868, 132, 134, and
134A).Harris and Thomas (1938b) state
that it is part of a distinct assemblage in
the highest zone of the Upper Ordovician,
Bolindian seriesinVictoria,Australia.The
species occurs lower in the Marathon suc-
cession than it does in the Victorian.
RETIOGRAPTUS SPECIOSUS Harris?
Remarks.— The Texas specimens are
poorlypreserved,manyarebrokenorbent,
but they appear to agree with the descrip-
tion by Harris (1924,Royal Soc. Victoria,
Proc. (n. s.), vol. 36, pp. 99-100, pi. 8,
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figs.8-10).The testhas notbeenpreserved
in anyof thespecimensso that the clathria
can be clearly seen.
Horizon.— The Texas specimens were
collected fromone locality (collection13)
which is in the upper part of the FortPefia
formation, zone 9. Harris and Thomas
(1938b) figureR. speciosus as a common
form in theMiddle OrdovicianinVictoria,
Australia.
RETIOGRAPTUS TENTACULATUS (Hall)?
Remarks.— The Texas specimens are
poorly preserved but appear to agree with
the specific description by Ruedemann
(1947, Geol. Soc. America Mem. 19, pp.
460-461, pi.80, figs. 1-5,not figs. 6-10),
except that the width is slightly less (3.5
mm whereas theNew York material is 4.0
mm). The forms from the Glerogle shale
(figs. 6-10) which Ruedemann included
in this species are larger than the New
York, Arkansas, and Texas forms, and
they possess lacinia. They are a species
distinct from R. tentaculatus and should
probably be referred to Hallograptus
elheridgei. Because the Texas specimens
arepoorly preservedand areslightly nar-
rower than the types, the writer refers
them provisionally to Hall's species.
Horizon.— Thespecimens tentativelyre-
ferred to R. tentaculatus were collected
from one locality (collection 98) which is
in the upper part of the Fort Pena forma-
tion, zone 9. Hall's types came from the
horizon withDiplograptus dentatus (Ray-
mond's zoneD) of the Levis shale inQue-
bec. Ruedemann records the species from
the beds withDiplograptus dentatus in the
Deepkill shale in New York and from the
Glenogle shale in British Columbia.
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Appendix
I.Measured sections
Following is a list of the measured sections from which fossils were collected. The
stratigraphic position of the collections is indicated, and a list of species identified in
eachis given.Most of the sections weremeasured in the Marathon anticlinorium because
the foldingand faulting were found tobe less intense.Themajority of the sectionlocali-
ties lie within the Monument Spring quadrangle, a few are inthe Marathon quadrangle,
and one is in the Santiago Peak quadrangle, as shown onPlate 1,amapcompiled from
topographic maps which cover the area of study. The sections have not been shown
graphically because most of them were measured close together in one anticlinorium;
theMaravillas chert was the only formation whichcould beaccurately delimited inany
of the exposures in theDagger Flat anticlinorium or southof it.
SECTIONI
Section 4 miles in a straight linesouthwest of Marathon, along a linebearingS. 65° E. This section
is the same as Wilson's (1954a,p. 252) section 4milessouthwest of Marathon.
THICKNESS
Feet
Section begins onnorthwestlimb of a large isoclinal fold.
Marathon limestone—
Upperpart ofMarathonlimestone—
Limestone, gray, fine grained, thin bedded, cross laminated withsome thin coarse-
grained subgraywacke lenses, collection 79. from bottom part of the section:
Dictyonema sp., Didymograptus extensus, Didymograptus nitidus, a new genus
of trilobite related to Benthamaspis and Strigenalis 10
Conglomerate, composedof flatchips andslabs of limestone 2
Covered 10
Conglomerate,composed of flat chips and slabsof thin-bedded,gray limestone and
of dolomiticlimestone typical of the Monument Spring member 10
MonumentSpring dolomitemember—
Limestone, dolomitic, blue and yellowish, fine grained, weathers orange, in oval
lenses. Shale and thin-bedded, gray, fine-grained limestone lie around and be-
tween the lenses, collection 78, from the dolomitic limestone: Shumardoceras
sp.,Endocerassp 42
Limestone, gray, fine grained, thinbedded, cross laminated, witha few interbedded
lenses of conglomeratecomposed of flat chips and slabs of limestone, collection
76, from the upper 2 feet of thispart of the section: Clonograptus flexilis,Clono-
graptus rigidus, Tetragraptus approximatus 39
Sectionbroken at severalsmall folds. TheMarathonlimestoneis isoclinally folded, asre-
vealedby similar graptolite assemblages collected in a traverse across the strike of the
beds. The following part of the section was measured across the northwest limb of a
large fold,500 feet southeast from previous partof section.
Lowerpart of Marathonlimestone—
Limestone, gray,fine grained, thin bedded, cross laminated 12
Conglomerate, composed of flat chips andslabs of limestone 2Limestone, dark gray, sublithographic, weathering bluish gray, collection 75:
Adelograptus sp., Dendrograptus sp. 10
5Shale, black ■r...,
Conglomerate,composed of flat chips andslabs of limestone 3Shale,black,mostly covered 72
Limestone, gray, fine grained, thin bedded, cross laminated in layers 3 to 6 inches
thick interbedded with black shale, blue-gray-weathering sublithographic lime-
stone, and lenses of conglomerate composed of flat chips and slabs of limestone.
collection 33, from 65 feet below the top of this part of the section: Adelo-
graptus simplex, Adelograptus victoriae, Bryograptus crassus?, Clonograptus
flexilis,Clonograptus persistens 150
Conglomerate, composed of flat chips and slabs of limestone 3Shale, black 15
Conglomerate, composed of flat chips and slabs of limestone 1
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THICKNESS
Feet
Limestone, gray, fine grained, thin bedded,cross laminatedin layers 3 inches thick.
collection 74: Adelograptus victoriae, Clonograptus sp 6
Shale, black interbedded with conglomerate composed of flat chips and slabs of
limestone 35
Limestone, gray, fine grained, thin bedded,cross laminated with some interbedded
black shale - 14
Limestone, gray aphanitic. collection 34: Ophileta sp.,Pachendocerassp 8
Limestone, gray, fine grained, thin bedded, cross laminatedin layers 1to 3 inches
thick interbedded withblack shale and lenses of conglomerate composed of flat
chips and slabs of limestone 83
Subgraywacke, gray,coarse grained, calcareous,weathersbrown 1
Shale, black 16
Limestone,gray,fine grained, thinbedded 2
Conglomerate, composed of flat chips and slabs of limestone 1
Limestone,gray, fine grained, thinbedded,cross laminated, interbedded withblack
shale and lenses of conglomerate composed of flat chips and slabs of limestone
and calcareous,brown-weathering subgraywacke 136
Shale, black, collection 53: Anisograptus sp 5
Shale, black, interbeddedwith conglomerate composed of flat chips and slabs of
limestone 15
Conglomerate, composed of flatchips andslabs of limestone 5




Section oneast side of gap betweenridges of Marathonlimestone, 9.5 miles ina straight line S.55
W. of Marathon and 2.9 miles southwest from a cairn built on the Roberts ranch road where road




Shale, black, interbeddedwithpurple chert, tan-weatheringgraylimestone, and tan-
weatheringlimestonepebble conglomerate, collection 95, from 5 feet abovebase
of formation:Dichograptus sp., Glyptograptus cf. G. austrodentatus, Isograptus
caduceus var. maxima, Isograptus caduceus var. victoriae, Tetragraptus quadri-
brachiatus 225
Alsate shale—Shale, black, mostly covered... 85
Marathon limestone—
Upper partofMarathonlimestone—
Limestone, dark gray,sublithographic, weatheringbluish gray,in layers 4 to 8
inches thick, collection 66A, from 20 feet below top of formation:Didymo-
graptus bifidus 100
Conglomerate, composed of flatchips and slabsof limestone 3Limestone, dark gray,sublithographic, weatheringbluish gray 10
Conglomerate, composed of flat chips andslabs of limestone 5
Limestone, dark gray, sublithographic, weathering bluish gray, in layers 1 to 3
inches thick, collection 66, from25 feetabove thebase of thispart of the sec-
tion: Didymograptus extensus, Didymograptus nicholsoni, Didymograptus ni-
tidus, Tetragraptus fruticosus (4-branched) 105
Conglomerate, composed of flat limestone slabs 1 9
Limestone, dark gray,sublithographic, weatheringbluish gray 5
Conglomerate, composedof flat limestone slabs 1 9
Limestone, dark gray,sublithographic, weatheringbluishgray 5
Conglomerate, composed of dark gray sublithographic limestone slabs, except
a few which are dolomiticlimestone similar to that in the Monument Spring
dolomite member 2
Limestone, dark gray,sublithographic, in layers 2 to 3 inches thick, collection
121: Didymograptus nitidus, Tetragraptus fruticosus (4-branched), Tetragrap-
tus quadribrachiatus, Ptilograptusplumosus, Dictyonema sp. 12
MonumentSpring dolomitemember—
Limestone, dolomitic,blue andyellowish, fine grained, orange weathering,in oval
lenses. Shale and thin-beddedgray fine-grained limestonelie around and be-
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tween the lenses, collection 120, fromblack shale interbeddedwith the dolo-
mitic limestone, Clonograptus flexilis, Didymograptus extensus, Tetragraptus
approximatus, Tetragraptus bigsbyi, Tetragraptus quadribrachiatus, Tetra-
graptus taraxacum .... 51 6
Lower part ofMarathonlimestone-
Shale, black : 69
Conglomerate, composedof flatchips and slabsof limestone witha brown quartz




Conglomerate, composed of flat chips and slabs of limestone 5
Shale, black, interbeddedwiththin beds of dark gray,sublithographic limestone
which weathersbluish gray and thin-bedded,gray, fine-grained limestone 44 3
Subgraywacke, gray,coarse-grained, calcareous, weathersbrown 9
Conglomerate, composedof flat limestoneslabs 2 6
Shale, black ..-. 19 9
Conglomerate, composed of flat chips andslabsof limestone 1
Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
black shale and dark gray, sublithographic limestone which weathers bluish
gray — - 162
Limestone, light gray, fine grained, oolitic, collection 118: Beliefontia sp.,
Lloydia sp - - 10
Shale, greenish black, interbeddedwith coarse-grained gray calcareous subgray-
wacke and conglomerate composed of quartz pebbles in a brown quartz sand
matrix 49
Limestone, gray, fine grained, thin bedded 9
Shale, black, interbeddedwith coarse-grained gray calcareous subgraywacke 22 9
Conglomerate, composed of flat chips and slabs of limestone 1
Subgraywacke, gray,coarse grained, calcareous,weathers brown 1
Shale, greenish black 7 5
Subgraywacke, gray,coarse grained, calcareous, weathersbrown .... 3
Shale, greenish black 37 3
Shale, black, interbedded with gray fine grained limestone and gray chert.
collection 119: Anisograptus sp., Clonograptus cf. C. tenellus 2
Shale, greenish black, interbeddedwith a few thin beds of coarse-grained gray
calcareoussubgraywacke and gray fine-grained limestone 70
Total Marathon limestone 844
Dagger Flat sandstone—
Roberts Ranch member—
Subgraywacke,gray,coarse grained, calcareous, weathersbrown 2
Shale, greenish black _42
TotalDagger Flat sandstone exposed 44
SECTION 111
Section onsoutheast limb of Marathon anticlinoriumat a cairn built on Roberts ranch road where
the road turns southwest past Alsate Creek. The cairn is 6.6 miles S. 55° W. of Marathon and 2.7
milesS. 85° W. of the Picnic Grounds 5 milessouth-southwest of Marathon. The line of bearing of




Shale, black, breaks into rhomboid chips 46
Marathonlimestone—
Upperpart of Marathonlimestone—
Conglomerate, composed of flat chips and slabs of limestone 5
Limestone,gray, fine grained, thin bedded,cross laminated,in layers 4 to 6 inches
thick interbedded with dark gray, sublithographic limestone which weathers
bluish gray in layers 2 to 3 inches thick 25
Limestone, dark gray, sublithographic, weathers bluish gray, collection 30:
Didymograptus protobifidus, Phyllograptus ilicifolius, Phyllograptus angusti-
folius, Tetragraptus quadribrachiatus 6Limestone, dark gray, sublithographic, weathers bluish gray in layers 6 to 8
inches thick interbedded with thin-bedded, cross-bedded, gray, fine-grained
limestone in layers 4 to 6 inches thick, collection 5, from12 feet above base
of this part of the section: Dictyonema sp.,Didymograptus sp. 118
Conglomerate, composed of flat limestone slabs which are elongate subparallel
to thebedding 1
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THICKNESS
Feet Inches
Limestone, dark gray, sublithographic, weathers bluish gray, in layers 4 to 6
inches thick interbedded with thin-bedded, fine-grained, gray limestone in
layers 3 to 6 inches thick 17
Subgraywacke, coarsegrained, weathersbrown 6
Limestone, dark gray, sublithographic, weathers bluish gray in layers 4 to 6
inches thick, interbedded with thin-bedded, cross-bedded, gray, fine-grained
limestone in layers 6 to 8 inches thick, collection 4, from 20 feet above the
base of this part of the section: Didymograptus extensus, Tetragraptus fruti-
cosus (4-branched) 85
Monument Spring dolomitemember—
Limestone, dolomitic,blue and yellowish, fine grained, weathers orange, in oval
lenses. Shale and thin-bedded, gray, fine-grained limestone lies around and
between the lenses, collection 31: Archeoscyphia sp., fragments of orthoid
brachiopods,cephalopods, and gastropods 65
Total upper part of Marathon limestone andMonument Spring dolomitemember.... 317
Break sectionbecause of complex folding.
Lower part ofMarathonlimestone—
Shale, buff, calcareous 18
Conglomerate, composed of flat limestone slabs which are subparallel to the
bedding „ ..... 1
Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
dark gray,sublithographic limestone which weathersbluish gray, collection
3: Acrotretidbrachiopods 18 9
Conglomerate, composed of flat chips andslabs of limestone 1
Limestone, dark gray, sublithographic, weathers bluish gray, in layers 4 to 6
inches thick interbeddedwith thin-bedded,cross-laminated, gray,fine-grained
limestone in layers 6 to 8 inches thick, collection 2: Clonograptus flexilis,
Clonograptus sp. _. 42
Conglomerate, composed of flat limestone slabs which are subparallel to the
bedding 16 5
Shale, buff, calcareous 28 3
Conglomerate, composed of flat limestone slabs which are up to 2 feet in length
and areelongatesubparallel to the bedding 5
Shale, black, weathers greenish, interbedded with buff, calcareous shale 23 4Shale, buff, calcareous 46 9
Conglomerate, composed of flatlimestone slabs 1 6
Limestone, gray, fine grained, thin bedded, collection 1:Lingula sp. 4 6
Conglomerate, composed of flat limestone slabs which are elongate subparallel
to the bedding 10
Sandstone, quartzose,coarse grained, weathersbrown 4
Shale, buff, calcareous 5 4
Conglomerate, composed of flat limestone slabs which are elongate subparallel
to the bedding 16 6
Limestone, gray,fine grained, thin bedded 4
Conglomerate, composed of flat limestone slabs which are elongate subparallel
to the bedding 4
Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
dark gray sublithographic limestonewhich weathersbluishgray 57
Conglomerate, composed of flat limestone slabs 2 6
Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
dark gray, sublithographic limestone which weathers bluish gray 21 4
Conglomerate, composed of flat limestone slabs 2
)tal lower part of Marathon limestone exposed 329 6Tot l li t e x s
SECTION IV





Limestone, dark gray, sublithographic, weathering bluish gray, in layers 1 to 6
inches thick 55
Covered 49
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Limestone, gray, fine grained, thin bedded, interbeddedwith black shale, collec-
tion 12: Clonograptus persistens, Clonograptus sp - 62 6
Shale,buff, calcareous, collection11:Adelograptushunnebergensis?,Clonograptus
rigidus, Clonograptus flexilis - 17Conglomerate, composed of flat chips andslabsof limestone 1
Limestone, gray, fine grained, in layers 2 to 3 inches thick interbedded with buff






Section 9.4 miles S. 56° W. of Marathon along a line trending S. 60° E.across the Roberts ranch




Begin sectiononlimb of fold.
Marathon limestone—
Limestone, gray,fine grained, thin bedded,cross laminated, interbeddedwithdark
gray, sublithographic limestone which weathers bluish gray and conglomerate
composedof flat chips andslabs of limestone, collection 67, from 24 feet below
the top of this part of thesection:Didymograptus bifidus,Didymograptus similis,
Phyllograptus anna,Phyllograptus typus 103
Limestone,dark gray,sublithographic, weatheringbluishgray, in layers1to 4 inches
thick,interbeddedwith thin-bedded,gray, fine-grained limestone anda few lenses
of conglomeratecomposed of flat chips of limestone, collection 68, from10 feet
belowthe top of this part of the section: Didymograptusnicholsoni, Didymograp-
tus nitidus, Didymograptus patulus .— 44
Conglomerate, composed of flat chips and slabs of limestone which are elongate
parallel to the bedding 3
Limestone, black, fine grained, weathering orange, interbeddedwithlenses of con-
glomerate composed of flat chips and slabs of limestone 10
Limestone,dark gray,sublithographic, weatheringbluish gray 10
Limestone,black, fine grained, weathering orange,interbeddedwithlenses of lime-
stone pebble conglomerate.The pebbles are 1/16 inch in diameter and are scat-
teredinabrown, coarse-grained,quartzsand matrix 12Shale,black, weathersbuff, withsome interbedded, thin-bedded,cross-bedded,gray,
fine-grainedlimestone, collection 69, from basal 5 feet of this part of the section:
Clonograptus flexilis, Dichograptus octobrachiatus, Didymograptus nicholsoni
var. planus,Didymograptusnitidus,Didymograptus cf.D. patulus, Didymograptus
sp., Tetragraptus amii, Tetragraptus fruticosus (4-branched),Tetragraptus quad-
ribrachiatus 49
Conglomerate, composed of flat chips andslabs of limestone 5
Sectionendedonlimb of fold.
Total Marathon limestone measured 236
SECTION VI
Section 6.9 miles S. 53° W. of Marathon on the southeast limb of the Marathon anticlinoriumalong line bearing S. 55° E. The section is on the southeast side of theRoberts ranchroad, 0.4 mile





Limestone, dolomitic,blue and yellowish, fine grained, weathers orange, in oval
lenses. Shale and thin-bedded, gray, fine-grained limestone lie around and be-
tween the lenses,collection 130: Clonograptus sp., Tetragraptusapproximatus 51 9
Lowerpart ofMarathonlimestone— ■
Limestone, gray,fine grained, thinbedded,cross laminated,in layers 3 to 6 inches
thick interbeddedwith black shale, buff-weathering, black, fine-grained lime-
stone with orange-weathering chert stringers, dark gray,sublithographic lime-
stone which weathers bluish gray in layers 1to 2 inches thick, and lenses of
conglomerate composed of flat slabsof limestone up to 50 feet long and6 feet
thick 132
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Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
black shale and lenses of coarse-grained, calcareous subgraywacke which
weathersbrown, collection 84, from basal 2 feet of this part of the section:
Callograptus sp., Clonograptus rigidus, Clonograptus tenellus var. callavei,
Dictyonema sp., Didymograptus sp., Tetragraptus decipiens, Triograptus cf.
T. otagoensis 31
Limestone,gray, fine grained, thinbedded,cross laminated,in layers 1to 4 inchesthick; black shale; dark gray,sublithographic limestone which weathersbluish
gray,in layers 1 to 1% inches thick; lenses of conglomerate composed of flat
limestone slabs; and lenses of coarse-grained, calcareous subgraywacke which
weathersbrown _ 75
Conglomerate, composedof flat limestone slabs 6
End section in covered area.
TotalMarathonlimestoneexposed 295 9
SECTION VII
Sectionalong a line trendingS. 55° E. on thesoutheast limbof the Dagger Flat anticlinoriumat a








Limestone,gray,fine grained,thin bedded,cross laminated,withsome interbedded
black shale which is wellindurated, collection 40, frombase of this part of
the section: Didymograptus extensus, Didymograptus protobifidus, Gonio-
graptussp. Phyllograptus angustifolius,Phyllograptus ilicifolius, Tetragraptus
amii, Tetragraptusbigsbyi, Tetragraptus fruticosus (3-branched),Tetragraptus
pygmaeus, Tetragraptus quadribrachiatus 33
Fault
Lowerpart ofMarathon limestone—
Limestone, dark gray,sublithographic, weatheringbluish gray,interbeddedwith
thin-bedded,gray,fine-grained limestone, collection43, from10 feetbelowthe
topof this part of the section: Adelograptus victoriae,Clonograptus sp 35 6
Conglomerate, composedof flat limestoneslabs . 1 6
Shale, calcareous, weathersbuff 11
Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
dark gray,sublithographic limestone which weathersbluish gray,black shale,
lenses of conglomerate composed of flat limestone slabs, and layers of coarse-
grained subgraywacke which weathers brown 127
Subgraywacke, coarse grained, calcareous,weathersbrown 3
Limestone, gray,fine grained, thinbedded,crosslaminated, interbeddedwithdark
gray,sublithographic limestone which weathers bluish gray, collection 37:
Adelograptus simplex, Bryograptus crassus ?, Clonograptus sp 4 6
Shale,black 7
Conglomerate, composedof flatlimestone slabs 3
Limestone, dark gray,sublithographic, weatheringbluish gray,interbeddedwith
black shale 12 4
Conglomerate,composedof flat limestoneslabs 2
Limestone, gray,fine grained, thin bedded,cross laminated 9
Conglomerate,composed of flat limestone slabs 1 6
Limestone, dark gray,sublithographic, weatheringbluishgray 13
Conglomerate,composedoflimestonepebbles which are -^4 to Yz inch indiameter
and are rounded 1 2
Covered 17 6
Limestone, gray,fine grained, thinbedded,crosslaminated 1
Covered 4
Subgraywacke,coarsegrained, calcareous,weatheringbrown 1 9
Conglomerate, composed of flatchips and slabsof limestone 2 3
Shale,black 5
Limestone, gray, fine grained, thin bedded,cross laminated 4
Shale, black 16
Conglomerate,composed of flatchips and slabsof limestone 2
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Limestone, gray, fine grained, thin bedded, cross laminated, interbedded with
black shale and lenses of coarse grained, calcareous subgraywacke which
weathers brown 33
Conglomerate, composed of flatchips and slabsof limestone 2




Section 7.4 miles S. 54° W. of Marathon along a line trending S. 55° E.On southeast limb of
Marathon anticlinorium, on southeast side of Roberts ranch road, 0.8 mile south of a cairn built





Limestone,dark gray,sublithographic, weatheringbluish grayin layers 3 to 6 inches
thick withsome interbedded thin-bedded,gray,fine-grained limestone,collection
72C: Clonograptus sp.,Didymograptus novus 66
Conglomerate,composed of flat limestoneslabswhichareelongatesubparallelto the
bedding 1
Shale,buff, calcareous, collection 728: Anisograptus sp., Clonograptus cf. C. ten-
ellus, Dictyonoma sp - - 19
Conglomerate,composed of flat chips andslabsof limestone 3
Covered 16
9
Sandstone, quartzose, coarse grained, calcareous, weathersbrown 1 6
Shale, black 5
Limestone, gray,fine grained, thin bedded 4 4
Subgraywacke, gray,coarse grained, calcareous 1 8
Shale, buff, calcareous,interbeddedwithblack shale, thin-bedded,gray,fine-grained
limestone and gray,coarse-grained, calcareoussubgraywacke 58
Shale, buff, calcareous, collection 72A: Anisograptus sp. 10
Conglomerate,composedof flatchips andslabs of limestone 5 9
Shale, black, highly contorted.
TotalMarathon limestone exposed 192
SECTION IX
Section 7.2 miles S. 53° W. of Marathon along a line trending S. 55° E. Begins on southeastlimb
of theMarathon anticlinorium,one-fourth mile southeast of the Roberts ranch road at a point three-





Limestone, dolomitic,blue and yellowish, fine grained, weathers orange, in oval
lenses. Shale and thin-bedded,gray, fine-grained limestone lie around and be-
tween the lenses 55
Shale, black, collection 80: Clonograptus sp., Dichograptus octobrachiatus,
Tetragraptus approximatus 2
Lowerpart of Marathonlimestone—
Limestone, dark gray,sublithographic, weatheringbluish gray, interbedded with
thin-bedded, cross-laminated, gray, fine-grained limestone, black shale, and
lenses of conglomerate composed of flat chips and slabs of limestone 175
Conglomerate, composed of flat chips and slabs of limestone 3 9Shale, black, interbeddedwithbuff-weathering calcareous shale, collection 72E:
Adelograptus simplex, Adelograptus victoriae, Anisograptus sp., Dictyonema
sp., Didymograptus novus, Tetragraptus decipiens 24 2Limestone, gray, fine grained, thin bedded, cross laminated, in layers 3 to 8
inches thick 21
Conglomerate, composed of flatchips andslabsof limestone 3 4
Shale, calcareous, weathersbuff, collection 59: Adelograptus hunnebergensis?,
Clonograptus sp 8 9
TotalMarathon limestonemeasured 293
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SECTION X
Section along a line bearing S. 55° E. across a ridge of the Fort Pena formation at a point 6.5
miles S. 51° W. of Marathon and 2% miles west-southwest of the Picnic Grounds (5 miles south-
southwest of Marathon) on the southeastside of the Roberts ranch road.The section was measured
on the ridge southeastof a cairnbuiltwhere the road turns southwest past Alsate Creek.
THICKNESS
Feet
Woods Hollow shale,not wellexposed.
Fort Pena formation—
Limestone, gray,medium grained, thin bedded, weatheringbrown 30
Limestone, gray,medium grained, thin bedded, weatheringbrown in layers 6 inches
to 1foot thick, interbedded with purple chert, collection 117A, from 15 feet
above thebase of thispart of thesection: Glyptograptus cf. G. austrodentatus 75
Conglomerate, composed of chert and limestone pebbles. The pebbles are 1/16 to
1/4inch in diameter and are set in a gray limestonematrix 1
Limestone, gray,medium grained, thin bedded,weatheringbrown, in layers 4 inches
to 1foot thick, black shale in layers 6 inches to 2 feet thick, and conglomerate,
composedof chertand limestonepebbles,in layers 4 to 8 inches thick, collection
117, from 65 feet above the base of this part of the section: Glyptograptus cf.
G. austrodentatus, Hallograptus etheridgei 84
Limestone, gray, medium grained, thin bedded, arenaceous, grading downward to
conglomerate. The limestone contains some conglomerateseams 15
Conglomerate, weatheringbrown. The pebbles are of quartz, chert, and limestone
and are set in a matrix of gray limestone. The conglomerate intergrades along
strike with gray, medium-grained, arenaceous limestone which weathers brown 16




Limestone, dark gray,sublithographic, weathering bluish gray 5
Chert, black 1
Limestone, dark gray, sublithographic, weathering bluish gray, interbedded with
thin-bedded, gray, fine-grained limestone 55
Endsection on fold crest.
Total Marathonlimestonemeasured 61
SECTION XI




Woods Hollow shale—Shale, black, weathering greenish, interbeddedwith gray siltstone which weathers
tan - 45
Shale, black, weathering greenish 33 6
Limestone, gray, fine grained, thin bedded, collection 103: Climacograptus bi-
cornis, Climacograptus eximius, Corynoides tricornis, Cryptograptus tricornis,
Dicellograptus sextans 6
Shale, black, weathering greenish 39 6
Shale, black, weathering greenish, interbedded with gray siltstone which weathers
tan in layers % inch to 1% inches thick and thin-bedded, gray, fine-grained
limestonein layers Vi inch thick 112
Limestone, gray, coarse grained, weathering brown with silicified fragments of
bryozoa, trilobites, and crinoid columnals on the surface 4Shale, black, weathering greenish ; 12
Shale, black, weathering greenish, interbeddedwith gray siltstone which weathers
tan in layers % to 1inch thick and thin-bedded,gray, fine-grained limestone in
layers -/4 inch thick 96 9
Limestone, gray, fine grained, thin bedded, weathersbrown and has silicified frag-
ments of bryozoa, brachiopods,and crinoid columnals on the surface .... 3
Shale, black, weathering greenish 19 6
Limestone,gray, fine grained, thin bedded, collection 148:Dicellograptus sextans,
Dicellograptus intortus, Glyptograptus teretiusculus var. euglyphus, Nemagrap-
tus exilis var. linearis 4
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Shale, black, weathering greenish, interbeddedwith thin-bedded,fine-grained, gray
limestone in layers % inch thick andgray siltstone whichweathers tan in layers
% to 1 inch thick - 43
Conglomerate,composedof flattenedpebblesof black shalein a gray,silty limestone
matrix 6
Shale,black, weathering greenish - - 8
Siltstone,gray, thin bedded, weathers tan,in layers 2 to 6 inches thick interbedded
with thin-bedded, gray, fine-grained limestone in layers 1 to 4 inches thick.
collection 46A, from 2 feet belowthe top of this part of the section: Amplexo-
graptus confertus, Climacograptus riddellensis, Glyptograptus cf. G. teretiusculus 24 10
Total Woods Hollow shale 436
FortPena formation—
Limestone, gray, fine grained, thin bedded, in layers 1inch to 1% feet thick with
some interbedded black shale and gray, fine-grained siltstone. collection 92:
Amplexograptus confertus, Glyptograptus cf. G. teretiusculus 35
The rocks of theFort Pena formation forma low anticlinal ridge in the middleof the
valley.
SECTION XII
Section on northwest face of ridge which trends northeast from the Picnic Grounds (5 miles
south-southwestof Marathon) at a point % mile northeastof the grounds and 4.1miles in a straight





Chert, black, in layers 3 to 6 inches thick interbeddedwith fine-grainedblack lime-
stone whichweathers gray in layers 8 to 18 inches thick.Chertstringers up to 1
inch thick occur in the limestones, collection 99, from13 feet above the base of
the formation: Orthograptus sp., Ampyxina sp 50
Woods Hollow shale—
Shale, greenish black 12Shale, black, interbeddedwith thin-bedded, gray limestone in layers % inch thick.
collection 105: Corynoides incurvus. Cryptograptus tricornis. Dicellograptus
sextans, Didymograptus serratulus, Orthograptus whitfieldi, Glyptograptus tere-
tiusculus, Glyptograptus teretiusculus var. pygmaeus 2 6
Shale, black, interbedded with thin-bedded, gray siltstone which weathers brown
and thin-bedded,gray limestonein %-inch layers, collection 100:Dicellograptus
sextans, Didymograptus serratulus, Glyptograptus teretiusculus var. euglyphus,
Orthograptus calcaratus var. alabamensis, Cryptograptus tricornis 5 3
Shale, black, with a few interbedded thin siltstone layers which weather brown 88 3Siltstone, gray, weathering orange brown , 6
Shale, black,bearsmud cracks 7 3
Conglomerate, composed of flattenedpebbles of black shale in a matrix of gray
siltstone ._ ._ 1 3Shale, black, bearsmud cracks 2
Conglomerate, composed of flattened pebbles of black shale in a matrix of gray
siltstone :.... 1 6
Shale, black, with a few interbeddedthin layers of gray siltstone which weathers
brown _.._ 24
Endsection on fold.
Total Woods Hollow shale measured ' 144 6
SECTION XIII





Siltstone, gray, weathering tan, interbedded with black shale which weathers
greenish 32
Shale, black, weathering greenish 39
Shale, black, weathering greenish, interbedded with gray siltstone which weathers
tan and thin-bedded,gray, fine-grained limestone 45Shale, black, weathering greenish 23 6l i i
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Shale, black, weathering greenish, interbedded with thin layers of gray siltstone
which weathers tan and thin-bedded, gray, fine-grained limestone, collection
124: Climacograptus sp., Corynoides sp., Glyptograptus sp 8
Shale, black, weathering greenish 7
Shale, black, weathering greenish, interbeddedwith thin layers of gray siltstone
which weathers tan. collection 123: Aparchites sp., Eurychilina papillata 14
Shale, black, weathering greenish, interbedded with thin layers of gray siltstone
which weathers gray and thin-bedded,gray, fine-grained limestone, collection
122, from bottom of this part of thesection: Climacograptus scharenbergicf.var.
stenostoma, Corynoides calicularis, Cryptograptus tricornis, Dicellograptus di-
varicatus, Dicellograptus gurleyi, Dicellograptus intortus, Dicellograptus sextans,
Dicellograptus smithi, Dicranograptus brevicaulis,Nemagraptus gracilis, Retio-
graptus geinitzianus ... 19 6
Shale,black, weathering greenish 19 6
Siltstone, gray,weathers tan 1 6
5
iltstone, r y, t r t
Endof section at severalsmall folds.
Total Woods Hollow shale measured 209
SECTION XIV
Section on northwest face of cliff at Rock House Gap near the southwesternendof the southeast





Shale, pink,interbeddedwithpink chert 5
Chert,black, in layers 8 inches to 2 feet thick interbeddedwithblack, petroliferous,
fine-grained limestonewhich weathers gray in layers 8 inches to 1foot thick 121
Chert, black ~ 2 6
Limestone, black, fine grained, petroliferous, weathering gray, collection 73A:
Orthograptus quadrimucronatus 6
Conglomerate, composed of chert andlimestone pebbles 1
Chert, black, with a few interbeddedlenses of black, fine-grained limestone which
weathers gray andof chert pebble conglomerate 39
Limestone, black, fine grained, weathering gray in layers 8 inches to 2% feet thick
withsome interbeddedblack chert 12 10
Conglomerate, composedof chert pebblesin a black limestone matrix,collection
73: Climacograptus antiquus, Climacograptus scharenbergi, Climacograptus typi-
calis,Dicranograptus nicholsoni var. geniculatus, Orthograptus quadrimucronatus
var.angustus,Orthograptus truncatus var.intermedius,Retiograptus pulcherrimus .... 6
Limestone, black, fine grained, weathering gray in layers 2 to 6 inches thick inter-
bedded withblack chert in layers Vz inch to 2 inches thick andlensesof conglom-
erate composed of chert pebbles 10 3
Conglomerate, composed of chips of black chert, limestone, quartzose sandstone,
and dolomite in a coarse-grained quartz sand matrix, collection 146, from 5
feetabove base of the formation: Streptelasma sp 10
Total Maravillas chert exposed ..— 202 7
SECTION XV




Shale, pink, interbeddedwith pink and brown chert in layers % inch to 3 inches
thick, collection 60: Dicellograptus complanatus, Dicellograptus complanatus
var. arkansasensis, Dicellograptus complanatus var. ornatus, Diplograptus cras-
sitestus,Climacograptus hastatus, Climacograptus mississippiensis,Climacograptus
putillus, Orthograptus truncatus var. socialis, Retiograptus decked 4 9
Chert, black 6
Shale,buff, weatheringpink 1
Chert, black, in layers 3 inches to 2 feet thick 20
Chert, black,in layers 6 inches to 1% feet thick interbeddedwithblack, fine-grained
limestone whichweathers gray in layers 2 to 7 inches thick and a few lensesof
black shale% inch thick, collection 86A, from2 feet abovethebase of this part
of the section: Climacograptus minimus, Climacograptus tubuliferus, Ortho-
graptus quadrimucronatus? 34
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Conglomerate,composed of chert andlimestone pebblesup to % inch in diameter.... 1Chert, black, in layers 6 inches to 1% feet thick, interbedded with black, fine-
grained limestone which weathersgray in layers 4 inches to 1foot thick and a
few lenses of conglomerate composed of chert and limestone pebbles with frag-
ments of bryozoa in matrix 127
Shale, black 6
Limestone, black, fine grained, weatheringgray,and has chert stringers 3
Conglomerate, composedof chert andlimestonepebbles 1Chert, black .. 2
Limestone, black, fine grained, weathering gray,collection 86B: Climacograptus
spinifems, Climacograptus sp., Orthograptus quadrimucronatus var. angustus,
Orthograptus truncatus var. intermedius, Orthograptus aff. 0. truncatus, Retio-
graptuspulcherrimus 2 6
Chert, black 4
Limestone, black, fine grained, weathering gray 3 6
Conglomerate, composedof chert andlimestonepebbles 1
Limestone, black, fine grained, weathering gray, collection 134: Dicellograptus
foTchammeri var. flexuosus, Dicranograptus nicholsoni, Orthograptus cf. O. trun-
catus var. intermedius, Orthograptus aff. 0. truncatus, Orthograptus cf. 0. cal-
caratus var. vulgatus, Retiograptus pulcherrimus, Climacograptus antiquus, Cli-
macograptus scharenbergi, Climacograptus spiniferus 4
Chert, black 1 6
Conglomerate, composedof chert andlimestone pebblesup to% inch in diameter.... 1 4Limestone, black, fine grained, weathering gray,collection 134A:Dicellograptus
forchammeri var. flexuosus, Dicranograptus nicholsoni, Dicranograptus nichol-
soni var. geniculatus, Orthograptus truncatus var. intermedius, Orthograptus
quadrimucronatus var. angustus, Orthograptus quadrimucronatus var. cornutus,
Orthograptus cf. 0. calcaratus var. vulgatus, Climacograptus scharenbergi, Cli-
macograptus antiquus, Retiograptus pulcherrimus, Orthograptus truncatus var.
pertenuis 3 2
Chert, black, interbedded with black, fine-grained limestone which weathers gray
and has chert stringers 10
Limestone, black, fine grained, weathering gray, collection 133: Climacograptus
typicalis, Climacograptus typicalis var. crassimarginalis, Climacograptus sp 3
Chert, black 2
Conglomerate, composed of chert andlimestonepebbles 1
Limestone, black, fine grained, weathering gray 3
Chert, black 3
Limestone,black, fine grained, weatheringgray,collection 135, frombasal6 inches
of the formation: Climacograptus antiquus, Climacograptus typicalis var. cras-
simarginalis, Ampyxinasp., Cryptolithus sp 1
Total Maravillas chert 238 9
WoodsHollow shale atbase of section,exposedincreek.
SECTION XVI
Section2 miles N. 55° E.of Woods Hollow Tank onsoutheast face of ridge whichforms the north-




Chert, black 17 6
Limestone,black, fine grained, weathering gray 6
Chert, black 20
Limestone,black, fine grained, weathering gray 1Chert, black 14
Conglomerate, composed of chert and limestone pebbles 1
Chert,black 6 3
Limestone, black, fine grained, weathering gray andhas chert stringers 1 9
Chert,black 1 8
Limestone,black, fine grained, weathering gray and has chert stringers 1 9
Chert, black 4 5
Limestone,black, fine grained, weathering gray 1 6
Chert,black 5 4Limestone, black, fine grained, weathering gray, collection 45: Climacograptus
sp., Climacograptus tubuliferus, Diplograptus minutus, Orthograptus cf. 0. cal-
caratus var. vulgatus, Orthograptus quadrimucronatus, Orthograptus truncatus
var. recurrens, Retiograptus pulcherrimus 1 4
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Chert,black 5 4
Limestone,black, fine grained, weatheringgray - 10
Chert, black ..., 9 9
Limestone,black, fine grained, weatheringgray 4
Chert, black 4
Limestone, black, fine grained, weathering gray 1 9
Chert, black - - - - 8 10
Limestone,black, fine grained, weathering gray 4
Chert, black - - 19
Limestone, black, fine grained, weathering gray ....'. 1 9
Chert, black . 7 10
Subgraywacke,brown, coarsegrained , - - — - - 2
Chert, black -- 1 6
Subgraywacke, brown, coarse grained — - 2
Chert, black, in layers 2 to 8 feet thick interbeddedwith black, fine-grained lime-
stone which weathersgray in layers 5 inches to 2% feet thick 124
Conglomerate, composed of black chert pebbles 9
Chert, black, in layers 6 inches to 3 feet thick interbeddedwith black, fine-grained
limestone which weathers gray in layers 6 inches to 1foot thick 14 5
Conglomerate, comnosed of black chert rjebbles 9l r t , p f l rtp l s
Chert, black, in layers 6 inches to 3 feet thick interbeddedwith black, fine-grained
limestone which weathers gray in layers 4 inches to 1 foot thick 71
Conglomerate, composed of black chert pebbles - 10
Chert, black 6 9
Total Maravillas chert 358 1
WoodsHollow shale.
SECTION XVII




Chert,black in layersIto3 feet thick 29 10
Limestone, black, fine grained, weathering gray andhas chert stringers 2 6
Chert, black, in layers 1to 3 feet thick interbeddedwith a few thin layers of black,
fine-grained limestone which weathers gray — 80
Limestone, black, fine grained, weathering gray , 5 6
Chert, black, in layers 1to 3 feet thick interbedded with black, fine-grained lime-
stone which weathers gray in layers 1 to 6 inches thick 64
Limestone, black, fine grained, weathering gray 10
Limestone, light gray, coarse grained, crowded with bryozoan fragments 4
6
Limestone, black, fine grained, weathering gray , 4 6
Limestone, light gray, coarse grained, crowded with fragments of bryozoa and
trilobites, collection 51:Cryptolithus sp.,Flexicalymene sp.,Halloporasp 4
Limestone, black, fine grained, weathering gray 18 6
Chert, black 1 10
Limestone, black, fine grained, weathering gray 11 3
Limestone, black, fine grained, weathering gray, in layers 6 inches to 1foot thick;
some interbeddedblack chert in layers 6 inches to 1foot thick ... 67
Conglomerate, composedof chert andlimestone pebbles withbryozoan fragments in
the matrix 6 6
Limestone, black, fine grained, weathering gray 9
Chert,black, in layers 6 inches to 2 feet thick interbeddedwithblack, fine grained
limestone which weathersgray in layers 6 inches to 1 foot thick 62Chert, black 3
6




Section in bedof Alsate Creek 3 miles ivest of the Picnic Grounds (5 miles south-southwest of
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Shale, black __ __ 7
Limestone, gray, arenaceous, collection 13: Callograptus sp., Cryptograptus scha-
feri, Glossograptus acanthus, Glossograptus hincksii, Glyptograptus intersitus,
Isograptus ovatus, Hallograptus echinatus, Hallograptus etheridgei, Logano-
graptus logani, Tetragraptus quadribrachiatus,Trigonograptus ensiformis, Retio-
graptus speciosus? 2
Shale,black 1
Chert, purple _. 2
Shale, black 2 ....
Chert, purple „ 6
Limestone, gray,mediumgrained, thinbedded 6
Shale, black 5
Chert, purple .... 3
Shale, black interbedded with purple chert. Graptolites were found in all theshale
beds, collection 14: Callograptus sp., Cryptograptus schaferi, Dichograptus
marathonensis,Didymograptus cuspidatus,Glossograptus acanthus, Glyptograptus
sp., Hallograptus etheridgei, Tetragraptus quadribrachiatus 7
Shale, black, interbeddedwith purplechert and thin-bedded,medium-grained, gray
limestone.Graptolites were found in the baseof thispart of the section. The bed
in which they were found is marked with yellow paint, collection 15: Callo-
graptus sp., Cryptograptus schaferi, Didymograptus sp., Glossograptus hystrix,
Glyptograptus cf. G. austrodentatus, Glyptograptus intersitus, Isograptus cadu-
ceus var. divergens, Isograptus forcipiformis var. latus, Hallograptus etheridgei,
Tetragraptus quadribrachiatus,Trigonograptus ensiformis 12 10Limestone, gray,medium grained, thin bedded, interbeddedwith black shale, col-
lection 16: Didymograptus cuspidatus, Didymograptus nodosus, Glossograptus
sp., Glyptograptus intersitus, Isograptus forcipiformis var. latus, Pterograptus
incertus 4 2
Chert, purple 5
Limestone, gray,medium grained, thin bedded 8Chert, purple 6
Fault
Shale, black, interbeddedwith thin-bedded,medium-grained, gray limestone 3 5
Shale, black, collection 17: Isograptus caduceus var.? 2
Shale, black, interbeddedwith thin-bedded,gray,fine-grained limestone 17 9
Section crosses a small fold, and measurements continue on northwest limb of fold.
Chert, purple, interbedded with thin-bedded,medium-grained, gray limestone,black
shale, and subgraywacke in layers 1to 3 inches thick, collection 149, from 40
feet abovebase of this part of thesection: Glossograptus acanthus, Glossograptus
hincksii, Glyptograptus sp., Hallograptus echinatus, Hallograptus etheridgei 73
Limestone,gray,medium grained, thin bedded, interbeddedwithconglomeratecom-
posed of chert and limestone pebbles. The pebbles in the conglomerate are a
maximum of 1/16 inch in diameter 10
Conglomerate, composedof flat chips andslabs of limestone 2
Limestone,gray,mediumgrained, thinbedded 5
Conglomerate, composedof flat limestone slabs. The slabs are thin-bedded,medium-
grained,gray limestone, are up to 2% feetin length, and are elongate parallel to
the bedding 1
Conglomerate, composed of limestonepebbles which are a maximum of % inch in
diameter and are set in a gray limestonematrix 2 6
Total Fort Pefia formation exposed 146 8
Alsate shale—
Covered 110
Shale, black, collections 18 and 113: Didymograptus affinis, Didymograptus
mendicus, Didymograptus sp., Isograptus caduceus var. lunata, Phyllograptus
typus, Tetragraptus amii 16 6
Total Alsate shale 126 6
Marathon limestone—
Upperpart of Marathon limestone—
Conglomerate, composedof limestoneand chert pebbles.The conglomerate thins
and intergrades with dark gray, sublithograptic limestone which weathers
bluish gray northwestwardalong strike . 1
Limestone, dark gray,sublithographic, weatheringbluish gray, interbeddedwith
flaggy,buff, calcareous, fine-grained limestone.A few medium-grained subgray-
wacke lenses which are % inch thick are interbedded with the flaggy, buff,
calcareous limestone layers. Someof the flaggy,buff limestone layersbearmud
118 Bureau of Economic Geology, The University of Texas
THICKNESS
Feet Inches
cracks, collection 19, from the top of this part of thesection:Didymograptus
artus, Didymograptusbifidus, Phyllograptus ilicifolius, conularid.Thebed from
which this collection was madeis markedwithyellow paint 14 6
Limestone, dark gray,sublithographic, weatheringbluish gray, collection 20:
Didymograptus bifidus, Didymograptus protoindentus,Didymograptus denticu-
latus, Phyllograptus anna,Phyllograptus ilicifolius, Lingula sp. The bed from
which this collection was made is marked withyellow paint 6Limestone, dark gray,sublithographic, weatheringbluish gray,interbeddedwith
flaggy, buff, calcareous limestone, collection 21, from baseof thispart of the
section: Didymograptus extensus 14
Shale, flaggy, buff, calcareous, collection 22: Callograptus sp., Tetragraptus
decipiens var. bipatens 1 6
Conglomerate,composed of flatchipsandslabsof limestone 5
Shale, black 4
Limestone, dark gray,sublithographic, weatheringbluishgray 7
Shale, black 4
Limestone, dark gray,sublithographic, weatheringbluish gray 4
Fault
Shale,black, interbeddedwith flaggy,buff, calcareouslimestone anda few coarse-
grained subgraywacke lenses which are %inch thick, collections 23 and114:
Dichograptus octobrachiatus,Didymograptus extensus, Didymograptuspatulus,
Didymograptus protobifidus, Didymograptus nitidus, Phyllograptus anna,
Phyllograptus ilicifolius, Tetragraptus fruticosus (3- and 4-branched) 9Shale, black, interbedded with flaggy, buff, calcareous limestoneand buff cal-
careous shale, collection 115: Dichograptus octobrachiatus,Didymograptus
extensus, Didymograptus leptograptoides, Didymograptus nicholsoni, Didy-
mograptus patulus, Didymograptus protobifidus, Phyllograptus anna, Phyllo-
graptus ilicifolius, Tetragraptus sp., Tetragraptus bigsbyi, Tetragraptus fruti-
cosus (3-branched) 8 6
At thispoint in the section, the shale and limestoneare cut by several smallfaults.
Below the shale, tightly folded, dark gray,sublithographic limestone which weathers
bluish gray crops out. The folding is terminatedby a fault. A14-foot wideshatter
zone is crossed, then the dark gray,sublithographic limestone is seen again to be
tightly folded.The crest of a small anticline is cut by a fault,belowwhich the sec-
tionis again straightforward.
Limestone, dark gray, sublithographic, weatheringbluish gray,in layers 6 to 8
inches thick, interbedded with flaggy, buff, calcareous limestone. Graptolites
were found throughout this 30-foot part of the section, collections 24A and
248: Didymograptus artus, Didymograptusbifidus, Didymograptus sp 30
Limestone, dark gray, sublithographic, weatheringbluish gray, interbeddedwith
flaggy, buff, calcareous limestone and buff, calcareous shale. Didymograptus
bifidus, Didymograptus bifidus— Didymograptus protobifidus transient forms
were collected from the upper 3 feet of this part of the section, collection
24F, fromthe lower 2% feetof this part of the section: Didymograptus proto-bifidus, Tetragraptusfruticosus (3- and 4-branched) 8 6
Subgraywacke,brown, mediumgrained, calcareous 4
Shale, black, with some interbedded layers of flaggy, buff, calcareous shale
and a few lenses of coarse-grained subgraywacke which are % inch thick.
Graptolites were found throughout this part of the section, collection 25:
Dichograptus octobrachiatus,Didymograptus extensus. Didymograptuspatulus,
Didymograptus protobifidus, Goniograptus thureaui, Phyllograptus anna,Phyl-
lograptus anna mut. longus, Phyllograptus ilicifolius, Tetragraptus bigsbyi,
Tetragraptus fruticosus (3-branched), Tetragraptus pygmaeus, Tetragraptus
quadribrachiatus, Tetragraptus serra, Tetragraptus reclinatus 21 6
Fault
Shale,buff, calcareous, interbeddedwith flaggy, buff, argillaceous limestone 3
Subgraywacke, brown, mediumgrained, calcareous 2Limestone, flaggy, buff, argillaceous, interbedded with buff, calcareous shale.
collection 26: Dichograptus octobrachiatus, Didymograptus extensus, Didy-
mograptusnicholsonivar. planus, Didymograptusnitidus, Didymograptus patu-
lus, Didymograptus similis, Phyllograptus angustifolius, Phyllograptus anna,
Phyllograptus ilicifolius, Tetragraptusamii, Tetragraptus bigsbyi, Tetragraptus
fruticosus (3- and 4-branched), Tetragraptus quadribrachiatus, Tetragraptus
serra, Lingula sp., Protopliomeropssp., chitinozoans 2
Conglomerate,composed of flat chips and slabs of limestone 4l r t , co posed f fl t c i s l f li t e
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Limestone, darkgray,sublithographic, weathering bluish gray in layers 8 to 10
inches thick interbedded with black shale, collection 27: Callograptus sp.,
Didymograptus extensus, Tetragraptus fruticosus (3- and 4-branched) 22 6
Conglomerate, composed of flat chipsand slabs of limestone 2 3
Shale,black, interbeddedwith darkgray,sublithographic limestone which weath-
ers bluish gray, collection 101: Clonograptus sp., Dictyonema dumosus,




Limestone, dolomitic,blue and yellowish, fine grained, weathers orange, in oval
lenses. Shale and thin-bedded,gray,fine-grained limestonelies aroundand be-




Limestone, dark gray,sublithographic, weatheringbluish gray,interbeddedwith
flaggy, buff, argillaceous limestone 34
Conglomerate, composed of flat chipsandslabs of limestone 11l r t , co posed f fl tc i s l f li t e
Endof exposuresincoveredarea.
II.Collecting localities
Following is a complete list of all thelocalities from which fossils werecollected and a
list of the species identified from each. The zone to which the assemblagebelongs isin-
dicated exceptin those cases where stratigraphic data werenot sufficient to place it in
the zonal sequence. All points are shown onPlate 1.This and King's (1937) geologic
map of the Monument Spring and Marathon quadrangles should be used to correlate
the fossiloccurrences with geologic structure.
collection 1. Marathonlimestone from124% feet above thebase of Section 111, measured on the
southeastlimb of the Marathon anticlinoriumat a cairn built on the Roberts ranch road where
theroad turnssouthwest pastAlsate Creek.
Lingulasp.
collection 2. Marathonlimestone from152% feet aboveCollection 1.
Zone 2:Clonograptus sp.,Clonograptus flexilis.
collection 3. Marathonlimestone 31feet aboveCollection 2.
Acrotretidbrachiopods.
collection 4. Marathon limestone from Section111, 20 feet above the Monument Spring dolomite
member.
Zone 4: Didymograptus extensus,Tetragraptus fruticosus (4-branched).
collection 5. Marathon limestone 95% feet aboveCollection 4.
Dictyonemasp.,Didymograptus sp.
collection 6. Marathon limestone 200 feet southeast of the Roberts ranch road 1mile southwest
from a cairn built where the road turns southwest past Alsate Creek. This locality is 7.5 miles
S. 54° W. ina directlinefromMarathon.
Zone 1:Anisograptus sp.,Clonograptus sp.
collection 7. Marathon limestone from an exposure in a gulley 50 feet S. 25° W. from Collection 6.
Zone1: Anisograptus sp., Lingula sp.
collection 8. Alsate shale on low ridge southeast of theRoberts ranch road,half a mile southwest
from a cairn builtwherethe road turns southwest past Alsate Creek. This locality is 7.1miles in
a direct lineS. 50° W. ofMarathon.
Didymograptus affinis, Didymograptus sp.,Isograptus caduceusvar.?
collection 9. Marathon limestone 25 feet below Collection 8 and 14 feet below the top of the
Marathon limestone.
Zone 7: Didymograptusbifidus. Didymosravtusbifidus— vrotobiiidus transient forms.
collection 10. Fort Pena formation 15 feet above its base on the low ridge on the southeast side
of the Roberts ranch road, 2miles southwest from a cairn built where the road bends southwest
past Alsate Creek. This locality is 8.6 miles in a direct line S. 50° W. of Marathon.
Zone 8: Glyptograptus cf. G. austrodentatus, Isograptus caduceus var. victoriae.
collection 11. Marathon limestone 83 feet above the base of Section IV, in a creek bed on the
southside of U.S. Highway 90, 1milewest of the railroadstation inMarathon.
Zone 2: Adelograptus hunnebergensis?, Clonograptus flexilis, Clonograptus rigidus.
collection 12. Marathonlimestone 32%feet aboveCollection 11.
Zone 2:Clonograptuspersistens, Clonograptus sp.
collection 13. Fort Pena formation 17 inches below the top of Section XVIII, in the bed of Alsate
Creek 3 miles westof the PicnicGrounds (PI.1).
Zone 9: Callograptus sp., Cryptograptus schaferi, Glossograptus acanthus, Glossograptus
hincksii, Glyptograptus intersitus, Isograptus ovatus, Hallograptus echinatus, Hallograptus
etheridgei, Loganograptus logani, Tetragraptus quadribrachiatus, Trigonograptus ensi-
formis, Retiograptus speciosus?
collection 14. Fort Pena formation 11 feet 10 inches below Collection 13.
Zone 9: Callograptus sp., Cryptograptus schaferi, Dichograptus marathonensis, Didymo-
graptus cuspidatus. Glossograptus acanthus, Glyptograptus sp., Hallograptus etheridgei,
Tetragraptus quadribrachiatus.
collection 15. Fort Pena formation 12 feet10 inches below Collection 14.
Zone 9: Callograptus sp., Cryptograptus schaferi, Didym.ograptus sp., Glossograptus hystrix,
Glyptograptus cf. G. austrodentatus, Glyptograptus intersitus, Isograptus caduceus var. diver-
gens, Isograptus forcipiformis var. latus, Hallograptus etheridgei, Tetragraptus quadri-
brachiatus, Trigonograptus ensiformis.
collection 16. Fort Pena formation 4 feet 2 inches below Collection 15.
Zone 9: Didymograptus cuspidatus, Didymograptus nodosus, Glossograptus sp., Glypto-
graptus intersitus, Isograptus forcipiformis var. latus, Pterograptus incertus.
collection 17. Fort Pena formation 5 feet 2 inches below Collection 16.
Zone9:Isograptus caduceus var.?
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collection 18. Alsate shale 5 feet above the base of the formation in Section XVIII.
Zone 8: Didymograptus affinis, Didymograptus mendicus, Didymograptus sp., Isograptus
caduceusvar. Tetragraptusamii.
lunata,Phyllograptustypus,
collection 19. Marathon limestone 2 feet below the top of the formation in Section XVIII.
Zone 7: Didymograptus anus, Didymograptus bifidus, Phyllograptus ilicifolius, conularid.
collection20. Marathonlimestone 12% feetbelow Collection19.
Zone 7: Didymograptus bifidus, Didymograptus protoindentus,Didymograptus denticulatus,
Phyllograptus anna,Phyllograptus ilicifolius, Lingula sp.
collection21. Marathonlimestone 14% feet below Collection 20..
extensus.
Didymograptus
collection22. Marathonlimestone 1% feetbelow Collection 21.
Zone 6: var.
Callograptussp., Tetragraptusdecipiens bipatens.
collection 23. Marathonlimestone 8 feet below a fault which is 2 feet below Collection 22.
Zone 6: Dichograptus octobrachiatus, Didymograptus extensus, Didymograptus patulus,
Didymograptus protobifidus, Didymograptus nitidus, Phyllograptus anna, Phyllograptus
(3- and4-branched).
ilicifolius, Tetragraptusfruticosus
collections 24A and 248. Marathon limestone from 15 to 25 feet below a prominent shatter zone
and fault that are9% feetbelowCollection23.
Zone7:Didymograptus artus, Didymograptusbifidus,Didymograptus sp.
collection 24F. Marathonlimestone7 feetbelowCollections 24A and248.
Zone 6: Didymograptus protoßifidus, Tetragraptus fruticosus (3-branched).
collection 25. Marathon limestone 12 feetbelow Collection 24F.
Zone 6: Dichograptus octobrachiatus, Didymograptus extensus, Didymograptus patuim
Didymograptus protobifidus, Goniograptus thureaui, Phyllograptus anna, Phyllograptus
anna mut. longus, Phyllograptus ilicifolius, Tetragraptus bigsbyi, Tetragraptus fruticosus
(3-branched), Tetragraptus pygmaeus, Tetragraptus quadribrachiatus, Tetragraptus serra,
Tetragraptus reclinatus.
collection 26. Marathon limestone 3 feet 2inches below a fault that is11% feet below Collection 25.
Zone 5: Dichograptus octobrachiatus, Didymograptus extensus, Didymograptus nicholsoni
var. planus, Didymograptus nitidus, Didymograptus patulus,Didymograptus similis, Phyllo-
graptus angustifolius, Phyllograptus anna, Phyllograptus ilicifolius, Tetragraptus amii,
Tetragraptus bigsbyi, Tetragraptus fruticosus (3- and 4-branched), Tetragraptus quadri-brachiatus, Tetragraptus serra, Lingula sp., Protopliomerops sp., chitinozoans.
collection27. Marathonlimestone 8 feetbelow Collection 26.
Zone 5: Callograptus sp., Didymograptus extensus, Tetragraptus fruticosus (3- and 4-
branched).
collection 28. Fort Pena formation from an outcrop on State Highway 51, 1.5 miles south of its
junction withU.S. Highway 90.
Zone 9: Brachiograptus etaformis, Cryptograptus schaferi, Dichograptus marathonensis,
Dichograptus octobrachiatus, Didymograptus compressus, Didymograptus nodosus, Glosso-
graptus hincksii, Glossograptus horridus, Glyptograptus cf. G. austrodentatus, Glyptograptus
intersitus, Isograptus forcipiformis var. latus, Loganograptus logani, Loganograptus logani
mut. pertenuis, Pterograptus incertus, Ptilograptus plumosus, Tetragraptus quadribrachi-
atus, Tetragraptus serra, Trichograptus immotus, Trigonograptus ensiformis.
collection 29. Marathon limestone 80 feet below Collection 11, which is in Section IV.
Zone1:Anisograptussp.,Triograptus cf. T. otagoensis,Dictyonema sp.
collection 30. Marathon limestone 106 feet above Collection 5 in Section 111.
Zone 6: Didymograptus protobifidus, Phyllograptus ilicifolius, Phyllograptus angustifolius.
Tetragraptus quadribrachiatus.
collection 31. Monument Spring dolomite member of the Marathonlimestone inSection 111.
Zone 3: Archeoscyphia sp., fragments of orthoidbrachiopods, cephalopods, and gastropods.
collection 32. Marathon limestone on a rise 200 yards west of the Roberts ranch road, 1.2 miles
southwest from a cairn built where the road turns southeast past Alsate Creek.
Didymograptus extensus,Didymograptuspatulus.
collection 33. Marathon limestone from 318 feet above the base of the formation in Section I,
measured southwestof Marathon.
Zone 2: Adelograptus simplex, Adelograptus victoriae,Bryograptus crassus?, Clonograptus
flexilis, Clonograptus persistens.
collection 34. Marathon limestone from 264 feetabovethe baseof the formationin Section I.
Zone2: Ophileta sp.,Pachendocerassp.
collection 35. Dagger Flat sandstone from a low ridge 2%miles east-northeast of the Buttrill ranch.
Fragmentsof inarticulatebrachiopods and chitinouscones.
collection 36. Marathonlimestone 3%miles east-northeast of theButtrill ranch.
Didymograptusnitidus, acrotretidbrachiopods.
collection 3.7. Marathon limestone from 142 feet above the base of Section VII, measured on the
southeast limb of the Dagger Flat anticlinoriumat a locality 2% miles east-northeast of theButtrill ranch.
Zone 2: Adelograptus simplex, Bryograptus crassus?, Clonograptus sp.
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collection 38. WoodsHollow shale3 miles N. 50° E. of WoodsHollow Tank and at the baseof th»
mountainwithelevationof 4,305 feet.
Zone10:Amplexograptusconfertus, Glyptograptus cf. G. teretiusculus.
collection 39. Marathon limestone 3 miles N. 50° E. of WoodsHollow Tank 2,500 feet southeast
of Collection 38.
Didymograptus nitidus?, Didymograptus nicholsoni, Didymograptus cf. D. extensus, a new
genusof trilobiterelatedto Strigenalis andBenthamaspis.
collection 40. Marathon limestone from33 feetbelow its contact with the Alsate shale at thelo-
cality of SectionVII.
Zone 6: Didymograptus extensus, Didymograptus protobifidus, Goniograptus sp., Phyl-
lograptus angustifolius, Phyllograptus ilidfolius, Tetragraptus amii, Tetragraptus bigsbyi,
Tetragraptus fruticosus (3-branched), Tetragraptus pygmaeus, Tetragraptus quadribrachia-
tus.
collection 40A. Marathonlimestone from32 feet belowits contact with the Alsate shale,170 feet
N. 50° E. from Collection 40.
Zone 6: Didymograptus protobifidus, Phyllograptus anna, Phyllograptus ilidfolius, Tetra-
graptus quadribrachiatus.
collection 41. Fort Pefia formation from the nose of a small fold 2% milesN. 70° E. of Buttrill
ranch.
Acrotretidbrachiopod fragments.
collection 42. Fort Pefia formationfrom the nose of a small fold 2% milesN. 72° E. of Buttrill
ranch.
Cardiograptus crawfordi, Cardiograptus morsus, Glyptograptus sp., Hallograptus echinatus,
Isograptus caduceus var. imitata.
collection 43. Marathonlimestone168 feetaboveCollection37 inSectionVII.
Zone2: Adelograptus victoriae,Clonograptus sp.
collection 44. FortPefiaformationina small fold500 yardsnortheastof Collection43.
Glyptograptus sp., fragments of acrotretid brachiopods.
collection 45. Maravillas chert; from 77 feet below its contact with the Caballos novaculite in
Section XVI, measuredon the northwestlimbof the Dagger Flatanticlinorium2 milesN. 55° E.
of Woods Hollow Tank.
Zone 14: Climacograptus sp., Climacograptus tubuliferus, Diplograptus minutus, Oriho-
graptus cf. O. calcaratus var. vulgatus, Orthograptusquadrimucronatus, Orthograptus trun-
catusvar. recurrens,Retiograptuspulcherrimus.
collection 46. Woods Hollow shale in a folded area at the base of the hill with an elevationof
4,305 feet2milesN. 55° E.of WoodsHollowTank.
Zone 10: Amplexograptus confertus, Amplexograptus cf. A. differtus, Climacograptus riddel-
lensis, Glyptograptus cf.G. teretiusculus.
collection 46A. Woods Hollow shale from 22 feet 10 inches above its contact with the FortPefia
formation in SectionXI, measuredon the southeastside of the anticlinalvalley in which the old
Louis Granger place was located.
Zone 10: Amplexograptus confertus, Climacograptus riddellensis, Glyptograptus cf. G. tereti-
usculus.
collection 47. Marathonlimestone in a small anticline2 milesN. 55° E. of Woods Hollow Tank.
Zone 7: Didymograptus artus, Didymograptus bifidus, Didymograptus similis, Goniograptus
perflexilis, Phyllograptus anna, Phyllograptus typus, Tetragraptus bigsbyi, Tetragraptus
quadribrachiatus, Tetragraptus serra.
collection48. Marathonlimestone 650 feetsoutheast of Collection47.
Zone4: Didymograptus ellesae,Didymograptus extensus, Tetragraptus acclinans,Tetragrap-
tus quadribrachiatus, Trochograptus lapworthi.
collection 49. Woods Hollow shale 12 feet above the base of the formationVA miles west of
Gage's Lightning ranch.
Zone 11: Cryptograptus tricornis, Dicellograptus sextans, Leptograptus flaccidus mut. tren-
tonensis.
collection 50. FortPefia formation2 milesS.80° W. of Gage'sLightning ranch.
Didymograptus sp., Isograptussp.,Lingula sp., acrotretidbrachiopod.
collection 51. Maravillas chert 203 feetbelow its contact with the Caballos novaculite in Section
XVII,measuredon thenorth slopeof Threemile Hill.
Zone14: Cryptolithussp.,Flexicalymenesp.,Halloporasp.
collection52. Marathonlimestone from a fault slice at thebase of thenorth faceof ThreemileHill.
Zone6: Didymograptus extensus, Didymograptus protobifidus,Didymograptus protobifidus—
Didymograptus bifidus transient forms, Phyllograptus angustifolius, Phyllograptus anna,
Phyllograptus ilidfolius, Tetragraptus bigsbyi. Tetragraptus fruticosus (3-branched),Tetra-
graptusquadribrachiatus,Tetragraptusserra,Tetragraptus taraxacum.
collection 53. Marathonlimestone 25 feetabove the baseof the formationin SectionI.
Zone1:Anisograptus sp.
collection 54. Maravillas chert 200 feet bolow its contact with the Caballos novaculite one-fourth
milenortheastof Maravillas Creek atMaravillas Gap.
Zone 14: Climacograptus sp., Climacograptus minimus, Orthograptus cf. O. calcaratus var.
basilicus..
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collection 55. Maravillas chert50 feet above Collection54.
Zone 14: Climacograptus sp., Climacograptus minimus, Climacograptus tubuliferus, Ortho-
graptus quadrimucronatus,Retiograptus pulcherrimus*
collection 56. Marathonlimestone % mile northeastof the junctionof Woods Hollow Creek with
MaravillasCreek,nearMaravillas Gap.
Zone1:Anisograptus sp.,Clonograptus sp.
collection 57. Maravillas chert 100 feet below its contact with the Caballos novaculite,half a mile
southwest of the junction of Woods Hollow Creek withMaravillas Creek,near Maravillas Gap.
Fragmentsof bryozoa.
collection 58. Maravillaschert30 feet aboveCollection57.
Climacograptus sp., fragments of bryozoa.
collection 59. Marathon limestone from 2 feet above the base of Section IX, measured on the
southeast limb of the Marathon anticlinorium, one-fourth mile southeast of the Roberts ranch
road, three-fourths of a mile southwest from a cairn built where the road turns southwest past
Alsate Creek.
Zone 2:Adelograptus hunnebergensis?, Clonograptussp.
collection 60. Maravillas chert half an inch below its contact with the Caballos novaculite in
Section XV, measured on the cliff rising above the Picnic Grounds 5 miles south-southwest of
Marathon.
Zone 15:Dicellograptuscomplanatus,Dicellograptus complanatusvar. arkansasensis,Dicello-
graptus complanatusvar. ornatus,Diplograptus crassitestus, Climacograptus hastatus, Clima-
cograptus mississippiensis, Climacograptus putillus, Orthograptus truncatus var. socialis,
Retiograptus deckeri.
collection 61A. Fort Pena formation 4 miles S. 50° W. of Peiia Blanca Spring and 3% miles
S.87° W. of WoodsHollowTank.
Zone 8: Cardiograptus craivfordi, Didymograptus paraindentus, Isograptus caduceus var.
maxima,Isograptus manubriatus.
collection 618. FortPenaformation10 feetbelowCollection61A.
Zone 8:Didymograptus cuspidatus,Oncograptusupsilon.
collection 62. FortPenaformation186 feetnorthwest of Collection 61A.
Zone 8: Callograptus sp.,Cardiograptus crawfordi, Trigonograptus ensiformis.
collection 63. Marathonlimestone 328 feetnorthwestof Collection 62.
Zone 6: Callograptus sp., Didymograptus protobifidus— Didymograptus bifidus transientforms, Phyllograptus anna,Phyllograptus angustifolius, Phyllograptus typus, Tetragraptus
bigsbyi, Tetragraptus fruticosus (3-branched),Tetragraptus reclinatus, Tetragraptus serra.
collection 64. Marathon limestone107 feet northwest of Collection 63.
Zone 6: Didymograptus protobifidus, Didymograptus similis, Tetragraptus bigsbyi, Tetra-
graptusfruticosus (3-branched), Tetragraptus taraxacum.
collection 65A. Marathonlimestone 375 feetnorthwestof Collection64.
Zone 6:Phyllograptus anna,Tetragraptussp.
collection 658. Marathonlimestone 62 feetnorthwest of Collection65A.
Zone6: Tetragraptus fruticosus (3-branched),Tetragraptus quadribrachiatus.
collection 65C. Marathonlimestone43 feetnorthwestof Collection 658.
Zone 6: Didymograptus extensus, Didymograptus sp., Phyllograptus anna, Phyllograptus
typus*
collection 65D. Marathonlimestone220 feetnorthwestof Collection 65C.
Zone7: Didymograptusbifidus,Didymograptus sp.,Phyllograptus typus.<
collection 66. Marathon limestone from 521/o feet above the Monument Spring dolomite member
in Section11, measured on the east side of a gap betweenridges of Marathon limestone, 2.8
miles southwest from a cairn built on the Roberts ranch road where theroad turns southwest
past Alsate Creek.
Zone 5: Didymograptus extensus, Didymograptus nicholsoni, Didymograptus nitidus, Tetra-
graptus fruticosus (4-branched).
collection 66A. Marathonlimestone173 feetaboveCollection66.
Zone 7: Didymograptusbifidus.
collection 67. Marathon limestone 212 feet above the base of Section V, measured across the
Roberts ranch road 2% milessouthwest from a cairn built where the road turns southwest past
Alsate Creek.
Zone 7: Didymograptus bifidus, Didymograptus similis, Phyllograptus anna,Phyllograptus
typusi.
collection 68. Marathonlimestone 89 feetbelowCollection67.
Zone 6:Didymograptusnicholsoni,Didymograptus nitidus,Didymograptuspatulus.
collection 69. Marathon limestone114 feetbelowCollection68.
Zone 4: Clonograptus flexilis, Dichograptus octobrachiatus, Didymograptus nicholsoni var.
planus, Didymograptus nitidus, Didymograptus cf. D. patulus, Didymograptus sp., Tetra-
graptus amii, Tetragraptus fruticosus (4-branched), Tetragraptus quadribrachiatus.
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collection 70. Marathon limestone 3 feet below its contact with the Alsate shale in a roadcut on
State Highway 51, 1mile north of the Buttrill ranch road entrance.
Zone 7: Didymograptus bifidus, Didymograptus similis, Didymograptus sp., Isograptus
caduceus var.lunata, Phyllograptus typus.
collection 71. Marathon limestone in the bed of Dugout Creek,1mile north of the Roberts ranch
buildings.
Zone 4: Adelograptus pusillus. Clonograptus sp., Didymograptus nitidus, Didymograptus
sp., Phyllograptus ilicifolius, Tetragraptus amii, Tetragraptus bigsbyi, Tetragraptus frutico-
sus (4-branched),Tetragraptuspendens,Tetragraptusquadribrachiatus.
collection 72A. Marathon limestone 15 feet above the base of Section VIII, measured on the
southeastlimb of the Marathonanticlinorium, on the southeast side of the Roberts ranch road,
0.8 milesouthof a cairnbuiltwhere theroad turns southwestpast AlsateCreek.
Zone1: Anisograptus sp.
collection 728. Marathonlimestone92 feetaboveCollection 72A.
Zone 1: Anisograptus sp., Clonograptus cf. C. tenellus, Dictyonema sp.
collection 72C. Marathonlimestone 85 feet aboveCollection 728.
Zone 2: Clonograptus sp.,Didymograptus novus*
collection 72D. Marathonlimestonefrom the southeastlimb of a small drag foldon which Section
VIIIended.
Clonograptus sp.,Didymograptus novus,Triograptus cf. T. otagoensis.
collection 72E. Marathonlimestone from 57% feet above the baseof Section IXmeasured on the
southeast limb of the Marathon anticlinorium, one-fourth mile southeast of the Roberts ranch
road, three-fourths of a mile southwest from a cairn built where the road turns southwest past
Alsate Creek.
Zone 2: Adelograptus simplex, Adelograptus victoriae, Anisograptus sp., Dictyonema sp.,
Didymograptus novus, Tetragraptus decipiens.
collection 73. Maravillas chert 20 feet above the base of the formation in Section XIV,measured
at RockHouse Gap near thesouthwesternendof the southeastlimb of theMarathonanticlinorium.
Zone 13: Climacograptus antiquus, Climacograptus scharenbergi, Climacograptus typicalis,
Dicranograptus nicholsoni var. geniculatus, Orthograptus quadrimucronatus var. angustus,
Orthograptus truncatus var.intermedius, Retiograptuspulcherrimus.
collection 73A. Maravillas chert53 feet above Collection73.
Zone14: Orthograptus quadrimucronatus.
collection 74. Marathonlimestone55 feetabove Collection 34 in SectionI.
Zone2:Adelograptus victoriae,Clonograptus sp.
collection 75. Marathonlimestone 80 feet aboveCollection33 in SectionI.
Zone2: Adelograptussp.,Dendrograptus sp.
collection 76. Monument Spring dolomitemember of theMarathon limestoneinSectionI.
Zone3:Clonograptus flexilis, Clonograptus rigidus, Tetragraptusapproximatus.
collection 77. Monument Spring dolomite member of the Marathonlimestone froma lowridge in
a folded area62 feetnorthwest of Collection 78.
Zone3: Clonograptus sp., Tetragraptusapproximatus.
collection 78. Monument Spring dolomite member of the Marathon limestone12 feet above Collec-
tion 76 inSection I.
Zone3:Endoceras sp.,Shumardocerassp.
collection 79. Marathon limestone 22 feet above the Monument Spring dolomite member in
Section I.
Zone 4: Dictyonema sp., Didymograptus extensus, Didymograptus nitidus, a new genus of
trilobiterelatedtoBenthamaspisandStrigenalis.
collection 80. Monument Spring dolomite member of the Marathon limestone 177 feet above
Collection 72Ein SectionIX.
Zone 3: Clonograptus sp.,Dichograptus octobrachiatus, Tetragraptus approximatus.
collection 81. Fort Pefia formation 2 feet below its contact with the Woods Hollow shale three-
eighths mile N. 18° E. of Roberts ranch road, 1.4 miles southwest from a cairn built where
theroad turns southwest past Alsate Creek. This locality is 8 milesS. 55° W. inadirectline from
Marathon.
Zone10:Amplexograptus confertus, Glyptograptus cf. G. teretiusculus.
collection 82. Fort Pena formation 50 feetbelow Collection 81.
Zone9:Hallograptus sp.,Retiograptus sp.,Leperditellasp.,Paraschmidtellaperforata.
collection 83A. Maravillas chert near the baseof the ridge half a mile east of the Picnic Grounds
5milessouth-southwest of Marathon.
Zone14: Climacograptussp., Climacograptusminimus,Leptograptus annectans, Orthograptus
calcaratus?, Orthograptus cf. O. calcaratus var. basilicus, Orthograptus quadrimucronatus,
Orthograptus aff. O. truncatus,Diplograptus sp.
collection 838. Maravillas chert on top of the ridgehalf a mile east of the Picnic Grounds5 miles
south-southwest of Marathon.
Zone14: Climacograptusminimus, Climocograptus tubuliferus,Dicellograptusforchammeri?',
Orthograptus quadrimucronatus, Orthograptus aff. O. truncatus, Retiograptus pulcherrimus.
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collection 84. Marathon limestone 83 feetabove the baseof SectionVI, measured on the southeast
limb of the Marathon anticlinorium on the southeast side of the Roberts ranch road, 0.4 mile
southwest of a cairnbuiltwhere theroadturns southwestpast Alsate Creek.
Zone 2: Callograptus sp., Clonograptus rigidus, Clonograptus tenellus var. callavei, Dicty-
onema sp.,Didymograptus sp., Tetragraptus decipiens, Triograptus cf. T. otagoensis.
collection 84A. Marathonlimestone one-eighth mile southeastof Collection 84, near the noseof a
smallfold.
Zone1: Anisograptus dissolutus.
collection 85. Fort Pena formation on northeast face of a low ridge,3.3 milesN. 86° W. of the
Picnic Grounds5milessouth-southwest of Marathon.
Zone 10: Amplexograptus confertus, Amplexograptus cf. A. differtus, Glyptograptus cf.
G. teretiusculus,Phyllograptus nobilis.
collection 86A. Maravillas chert 58^4 feetbelow its contact with theCaballosnovaculite inSection
XV, measuredon the cliff rising above the PicnicGrounds 5 milessouth-southwest of Marathon.
Zone 14: Climacograptus minimus, Climacograptus tubuliferus, Orthograptus quadrimucro-
natus?.
collection 868. Maravillaschert139 feetbelow Collection 86A.
Zone 13: Climacograptus spiniferus, Climacograptus sp., Orthograptus quadrimucronatus
var. angustus,Orthograptus truncatus var. intermedius, Orthograptus aff.0. truncatus, Retio-
graptus pulcherrimus.
collection 87. Woods Hollow shale 25 feet below its contact with the Maravillas chert in a small
anticlinal valley south of the Right Hand Shut Up in the southwest quadrant of the Solitario.
Zone 12: Amplexograptus cf. A. perexcavatus, Climacograptus bicornis, Diplograptus multi-
dens, Diplograptus multidens var. diminutus, Glyptograptus teretiusculus, Glyptograptus
teretiusculus var. euglyphus, Hallograptus mucronatus, Orthograptus calcaratus var. acutus.
collection 88. Fort Pena formation 2 inches above its contact with the RodriquezTank sandstone,
one-fourthmile northwest ofRodriquezTank in theSolitario.
Zone 8:Isograptus caduceus var.maxima,Isograptuscaduceus var. maximo-divergens.
collection 89. Marathon limestonefrom a gulley that cuts across a smallanticline, 1milenortheast
of theRight HandShutUp in theSolitario.
Zone2:Adelograptus victoriae,Didymograptus sp., Tetragraptus sp.
collection 90. Marathon limestone from a gulley north of a water trough on a low ridge half a
mileN. 80° W. ofRodriquezTank,in theSolitario.
Zone 5: Didymograptus extensus, Didymograptus nicholsoni var. planus, Didymograptus
nitidus, Tetragraptus fruticosus (3- and 4-branched),Tetragraptus taraxacum, Tetragraptus
pygmaeus.
collection 91. Marathonlimestone 90 feetbelow its contact with the Alsate shale 1% milesN. 10°
E.of thePicnic Grounds 5 miles south-southwest ofMarathon.
Zone 5:Didymograptus extensus, Didymograptus nitidus, Didymograptuspatulus.
collection 92. FortPena formation15 feetbelowits contact with the WoodsHollowshalein Section
XI, measuredon the southeast side of the anticlinal valley in which the oldLouis Granger place
is located.
Zone 10: Amplexograptusconfertus,Glyptograptus cf. G. teretiusculus.
collection 93. Maravillas chert froma roadcut onState Highway 51, 12 milessouth of its junction
with U. S. Highway 90.
Zone 14: Climacograptus sp., Climacograptus tubuliferus, Dicellograptus forchammeri?,
Orthograptussp.
collection 94A. Woods Hollow shale in thePayne Hills,8.4 miles S. 75° W. of Marathon.
Zone 12: Climacograptus bicornis, Climacograptus antiquus var. bursifer, Climacograptus
eximius, Climacograptus modestus, Climacograptus parvus, Corynoides calicularis, Crypto-
graphs tricornis, Didymograptus sagitticaulis, Didymograptus serratulus, Glossograptus
ciliatus?, Glyptograptus teretiusculus var. euglyphus, Glyptograptus teretiusculus var.
pygmaeus, Diplograptus multidens var. diminutus, Hallograptus mucronatus, Leptograptus
validus var. incisus?, Orthograptus calcaratus var. acutus, Orthograptus calcaratus var. ala-
bamensis, Orthograptus whitfieldi,Retiograptus geinitzianus.
collection 948. WoodsHollowshale10 feet aboveCollection 94A.
Zone12: Climacograptus modestus, Climacograptusparvus, Cryptograptus tricornis, Glypto-
graptus teretiusculus var. euglyphus, Hallograptus bimucronatus, Hallograptus mucronatus.
collection 94C. WoodsHollow shale8 feetabove Collection948.
Zone 12: Climacograptus antiquus var. bursifer, Climacograptus modestus, Didymograptus
sagitticaulis, Diplograptus multidens var. diminutus, Glyptograptus teretiusculus, Glypto-
graptus teretiusculus var. euglyphus.
collection 95. FortPena formation5 feet above the baseof the formationin Section 11.
Zone 8: Dichograptus sp., Glyptograptus cf. G. austrodentatus, Isograptus caduceus var.
maxima,Isograptus caduceus var. victoriae, Tetragraptusquadribrachiatus.
collection 96. Fossils from the core of nodules found in the basal 2 inches of shale in the lower
member of the Santiago formationexposedin the manganese prospect on Rough Creek about
onemile northof its junction withSan Francisco Creek.
Climacograptus sp., Glyptograptus sp., nautiloid fragments,brachiopodfragments.
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collection 97A. Marathonlimestone 25 feet above the base of the formationhalf a mile southeast
of the Roberts ranchroad 2% milessouthwest froma cairn builtwherethe road turns southwest
pastAlsateCreek.Thislocalityis 9milesina direct lineS. 53° W. of Marathon.
Zone1: Anisograptus sp.
collection 978. Marathon limestone 320 feet aboveCollection 97A.
Dictyonema sp., Clonograptus flexilis.
collection 98. Fort Pefia formation in a roadcut 1.5 miles south of Marathon on the road to the
Picnic Grounds5miles south-southwest of Marathon.
Zone 9: Didymograptus cuspidatus, Didymograptus nodosus, Didymograptus sp., Crypto-
graphs schaferi, Glossograptus hystrix, Hallograptus echinatus, Retiograptus tentaculatus?,
Trigonograptus ensiformis, Tetragraptus quadribrachiatus,Trichograptus immotus.
colllection 98A. FortPefia formation from the crest of the lowridge one-eighth mile southeastof
Collection98.
Zone 8: Glyptograptus cf. G.austrodentatus, Isograptuscaduceus var. victoriae.
collection 99. Maravillas chert 13 feet above the base of the formation in Section XII, measured
three-eighth mile northeast of the Picnic Grounds (5 miles south-southwest of Marathon) on
the ridge which trends northeast fromthese grounds.
Zone13:Orthograptus sp., Ampyxinasp.
collection 100. Woods Hollow shale 19% feet below its contact with the Maravillas chert in
Section XII.
Zone 12:Dicellograptus sextans, Didymograptus serratulus, Glyptograptus teretiusculus var.
euglyphus, Orthograptus calcaratusvar.alabamensis, Cryptograptus tricornis.
collection 101. Marathonlimestone30 feet belowCollection 27 inSectionXVIII.
Zone 4: Clonograptus sp., Dictyonema dumosus, Didymograptus nitidus, Tetragraptus fruti-
cosus (4-branched), conularid.
collection 102. Marathonlimestone on a lowridge 200 yards southeast of the Roberts ranchroad,
3.2 miles southwest from a cairn built where the road turns southwest past Alsate Creek. This
localityis 9.8 miles S. 54° W. of Marathon.
Didymograptuspatulus,Didymograptus cf.D.patulus.
collection 103. Woods Hollowshale 89 feetbelowits contact with theMaravillaschertin SectionXI.
Zone12:Climacograptusbicornis, Climacograptus eximius, Corynoides tricornis,Cryptograp-
tus tricornis,Dicellograptus sextans.
collection 104. WoodsHollow shale from an outcrop onStateHighway 51, 17.8 miles south of its
junction withU.S.Highway 90.
Zone11:Corynoides calicularis,Corynoides incurvus, Cryptograptus tricornis, Dicellograptus
divaricatus,Dicellograptus intortus, Dicellograptus sextans var. exilis,Dicranograptus brevi-
caulis, Dicranograptus contortus,Didymograptus serratulus, Glossograptusciliatus?, Glypto-
graptus teretiusculus, Glyptograptus teretiusculus var. euglyphus, Leptograptus validus var.
incisus?,Nemagraptus exilis var. linearis.
collection 105. Woods Hollowshale 12 feet below its contact with the Maravillas chert in Section
XII.
Zone 12: Corynoides incurvus, Cryptograptus tricornis, Dicellograptus sextans, Didymo-
graptus serratulus, Orthograptus whitfieldi, Glyptograptus teretiusculus, Glyptograptus
teretiusculusvar. pygmaeus.
collection 106. Maravillas chert 5 feet above the baseof the formationat the baseof thecliff face
one-fourth milenortheast of the Picnic Grounds 5 miles south-southwest of Marathon.
Zone 13: Climacograptus antiquus, Climacograptus typicalis var. crassimarginalis, Ortho-
graptuscalcaratus var.incisus.
collection 107. Fort Pefia formationnear its base on an anticlinal ridge 1% miles S. 50° E. of
Marathon.
Zone8: Cardiograptus morsus, Didymograptus pacificus, Isograptus caduceus var. maxima,
Oncograptus upsilon.
collection 108. Woods Hollow shale 50 feet below its contact with the Maravillas chert in the
gulley on thenortheastendofEastBourlandMountain.
Zone12:Climacograptus sp., Cryptograptussp.,Diplograptus sp.
collection 109. Limestoneboulder fromthe shalelayer from whichCollection108 was made.
Aphelaspis sp., Pseudagnostus sp.
collection 110. Fort Pefia formation1foot above the baseof the formation, 2 miles S. 16° E. of
the old Jones ranch headquarters (now Slaughter's ranch) in a deep arroyo heading in the
Cretaceous rim.
Zone 8: Didymograptus euodus, Isograptus caduceus var. divergens, Isograptus caduceus
var. maxima, Isograptus caduceus var. victoriae, Isograptus manubriatus, Oncograptus
upsilon, Tetragraptus quadribrachiatus.
collection 110A. Maravillascherton ridgeone-fourth milenorthwestof Collection110.
Climacograptus sp., Orthograptussp.
collection 111. Fort Pefia formation 100 feetbelowits contact with the WoodsHollow shale on a
lowridge seven-eighths ofa mileS. 5° W. ofWoodsHollowTank.
Zone 9: Isograptus caduceus aff. var. divergens, Isograptus manubriatus, Tetragraptus
quadribrachiatus.
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collection 112. Fort Pena formationon the crest of an anticline whichforms a lowridge 1%miles
S.25° E.of Marathon.
Didymograptussp., Glyptograptus cf. G. austrodentatus.
collection 113. Alsateshale fromthesamelocality asCollection18.
collection 114. Marathonlimestone from the samelocality as Collection23.
collection 115. Marathon limestone 8 feetbelow Collections23 and 114 in Section XVIII.
Zone 6: Dichograptus octobrachiatus, Didymograptus extensus, Didymograptus leptograp-
toides, Didymograptus nicholsoni, Didymograptus patulus, Didymograptus protobifidus,
Phyllograptus anna, Phyllograptus ilicifolius, Tetragraptus bigsbyi, Tetragraptus fruticosus
3- and 4-branched),Tetragraptus sp.
collection 116. Monument Spring dolomite member of theMarathon limestone fromthelow ridge
capped by dolomitic limestone of the member, southeast of the Roberts ranch road one-eighth
milenortheastof a cairnbuilt wheretheroad turns southwestpast AlsateCreek.
Zone 3: Archeoscyphiaaff.A. annulatum.
collection 117. Fort Pena formation96 feetabove thebaseof the formationinSection X, measured
across a ridge of the formation 2y2 miles west-southwest of the Picnic Grounds (5 miles south-
southeast of Marathon) on the southeast side of the Roberts ranch road southeast of a cairn
builtwheretheroad turns southwestpast Alsate Creek.
Zone 9:Glyptograptus cf.G.austrodentatus,Hallograptus etheridgei.
collection 117A. Fort Pena formation 35 feet aboveCollection 117.
Zone 9:Glyptograptus cf. G.austrodentatus.
collection 118. Marathon limestone 199 feet above the base of the formationin Section11.
Zone1:Beliefontia sp.,Lloydiasp.
collection 119. Marathonlimestone70 feet above the base of the formationin Section 11.
Zone1:Anisograptus sp., Clonograptus cf. C. tenellus.
collection 120. Monument Spring dolomite member of the Marathon limestone342 feet 4 inches
above Collection118.
Zone 3: Tetragraptus approximatus, Tetragraptus bigsbyi, Tetragraptus quadribrachiatus,
Tetragraptus taraxacum,Didymograptus extensus, Clonograptus flexilis.
collection 121. Marathon limestone 12 feet above the Monument Spring dolomite member in
SectionII(51% feetaboveCollection120).
Zone 4: Didymograptus nitidus, Dictyonema sp., Tetragraptus fruticosus (4-branched),
Tetragraptus quadribrachiatus,Ptilograptusplumosus.
collection 122. Woods Hollow shale 167% feet below its contact with the Maravillas chert in
Section XIII,measured2l/2 miles, in a straight line, southwest of the Picnic Grounds (5 miles
south-southwest of Marathon) on the northeastern bend in the ridge southeast of the Sunshine
Springs thrust fault.
Zone 11: Climacograptus scharenbergi cf. var. stenostoma, Corynoides calicularis, Crypto-
graptus tricornis, Dicellograptus divaricatus,Dicellograptus gurleyi,Dicellograptus intortus,
Dicellograptus sextans, Dicellograptus smithi, Dicranograptus brevicaulis, Nemagraptus
gracilis, Retiograptus geinitzianus.
collection 123. Woods Hollow shale 14feet aboveCollection122.
Aparchitessp.,Eurychilina papillata.
collection 124. WoodsHollow shale 15feet aboveCollection123.
Climacograptus sp., Corynoides sp., Glyptograptus sp.
collection 125. Woods Hollowshale 243 feetbelowits contact with the Maravillaschert ina gulley
one-fourthmilesoutheastfromthegulley in whichSection XIIIwasmeasured.
Corynoides calicularis,Cryptograptus tricornis,Dicellograptus sextans,Leptograptus flaccidus
mut. trentonensis.
collection 126. Fort Pena formation2% miles S. 47° W. of Roberts ranch headquartersand 2%
miles S. 88° W. of theruins of theRockHouse atRockHouse Gap.
Amplexograptussp., Climacograptus riddellensis?,Glyptograptus cf. G. teretiusculus.
collection 127. Woods Hollow shale in a gulley 5% miles S. 73° W. of Maravillas Gap.
Zone 12: Climacograptus scharenbergi cf. var.stenostoma,Dicellograptus divaricatus,Dicell-
ograptus divaricatus var. salopiensis, Dicellograptus sextans, Didymograptus serratulus,
Glossograptus ciliatus?, Glyptograptus teretiusculus, Glyptograptus teretiusculus var. eu-
glyphus, Glyptograptus teretiusculus var. pygmaeus, Orthograptus calcaratus var. alabamen-
sis,Orthograptus whitfieldi.
collection 128. Maravillas chert46 feetabove thebase of the formationon the east slopeof the low
hill300 feet west of Collection127.
Zone 13: Climacograptus caudatus, Climacograptus typicalis var. crassimarginalis, Ortho-
graptus calcaratus var. incisus, Orthograptus aff. O. truncatus, Cryptolithus sp.
collection 129. Fort Penaformation6% milesS. 47° W. ofMaravillasGap.
Isograptuscaduceus var.maxima, fragments of acrotretidbrachiopods.
collection 130. Monument Spring dolomite member of the Marathon limestone in Section VI.
Zone3: Clonograptus sp., Tetragraptus approximatus.
collection 131. Maravillas chert 176 feet above the baseof the formationon a low ridge 3 miles
northwest of Marathon.
Climacograptus sp., Dicellograptus sp., Orthograptus calcaratus?, Diplograptus sp.
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collection 131A. Maravillascherthalf amilesouthof Collection131.
Zone14: Climacograptus typicalis, Orthograptus calcaratus?, Orthograptus cf. 0. calcaratus
var.vulgatus, Orthograptus truncatus var. recurrens.
collection 132. Maravillas chert 225 feet below its contact with the Caballos novaculite, on a low
ridge 5miles N. 35° E.of Marathon.
Zone 14:Climacograptus sp., Climacograptus caudatus,Dicellograptus pumilus, Orthograptus
truncatus var. pertenuis, Orthograptus truncatus var. recurrens, Retiograptus pulcherrimus.
collection 133. Maravillas chert 13 feet above the base of the formation in Section XV, measured
on thecliff rising above thePicnic Grounds 5milessouth-southwest ofMarathon.
Zone 13: Climacograptus typicalis, Climacograptus typicalis var. crassimarginalis,Climaco-
graptussp.
collection134A. Maravillaschert 13 feet aboveCollection133.
Zone 13: Climacograptus antiquus, Climacograptus scharenbergi, Dicellograptus forcham-
meri var. flexuosus, Dicranograptus nicholsoni, Dicranograptus nicholsoni var. geniculatus,
Orthograptus truncatus var. intermedius, Orthograptus quadrimucronatus var. angustus,
Orthograptus quadrimucronatus var. cornutus, Orthograptus cf. O. calcaratus var. vulgatus,
Retiograptuspulcherrimus, Orthograptus truncatus var.pertenuis.
collection 134. Maravillaschert 6 feet aboveCollection 134A.
Zone13:Dicellograptus forchammeri var.flexuosus, Dicranograptusnicholsoni,Orthograptus
cf. O. truncatus var. intermedius, Orthograptus aff. 0. truncatus, Orthograptus cf. O. cal-
caratus var. vulgatus, Retiograptus pulcherrimus, Climacograptus antiquus, Climacograptus
scharenbergi, Climacograptus spinijerus.
collection 135. Maravillas chertat thebase of the formation inSection XV.
Zone 13:Climacograptus antiquus, Climacograptus typicalis var. crassimarginalis, Ampyxina
sp., Cryptolithus sp.
collection 136. Woods Hollow shale 57 feetbelowits contact with theMaravillas cherton Simpson
SpringsMountain, one-fourthmile S. 17° E.of Simpson Springs.
Zone 12: Climacograptus bicornis, Climacograptus parvus, Corynoides calicularis, Crypto-
graptus tricornis, Dicellograptusdivaricatus,Dicellograptus divaricatus var. salopiensis,Di-
cellograptus gurleyi, Dicellograptus intortus, Dicellograptus sextans, Dicellograptus sextans
var. exilis,Dicellograptus smithi, Glossograptus ciliatus?, Glyptograptus teretiusculus,Nema-
graptusexilis var. linearis,Retiograptus geinitzianus.
collection 137. Woods Hollow shale ina roadcut on the old Fort Stocktonroad, 2%miles north of
its junction withU.S.Highway 90.
Zone 11: Climacograptus eximius, Climacograptus modestusvar. meridionalis, Climacograp-
tus parvus,Climacograptus riddellensis, Corynoides tricornis,Cryptograptus tricornis,Dicello-
graptus gurleyi, Dicellograptus gurleyi var. exilis, Dicellograptus patulosus,Didymograptus
subtenuis, Glossograptus armatus, Glossograptus hincksii, Glyptograptus teretiusculus,Hallo-
graptus bimucronatus,Nemagraptus exilis var.linearis, Nemagraptus gracilis var. surcularis,
Retiograptus geinitzianus.
collection 138. Maravillaschert 12 feet belowits contact with theCaballosnovaculite, on a low hill
one-eighth mile east of the road to the Hess ranch, 6% miles N. 17° E. of Marathon.
Zone 15:Climacograptus mississippiensis, Climacograptus cf.C. ulrichi, Diplograptus crassi-
testus, Glyptograptus sp.
collection 139. Woods Hollow shale 65 feet above the base of the formation 1% miles S. 84° W.
of PeiiaBlanca Spring.
Zone 11: Climacograptus eximius, Corynoides calicularis, Cryptograptus tricornis, Dicello-
graptus divaricatus, Dicellograptus gurleyi, Dicellograptus intortus, Dicellograptus moffat-
ensis var. alabamensis, Dicellograptus sextans, Dicellograptus sextans var. exilis, Dicello-
graptus smithi, Glossograptus ciliatus?, Glyptograptus teretiusculus var. siccatus, Lepto-
graptus flaccidus mut. trentonensis,Leptograptus validusvar. incisus?,Nemagraptusgracilis,
Nemagraptus exilis var.linearis,Retiograptus geinitzianus.
collection 140. Fort Pena formation18 feet above the base of the formation, 2*4 milesN. 60° W.
of PenaBlancaSpring.
Zone 8: Cardiograptus crawfordi, Cardiograptus morsus, Dictyonema sp., Didymograptus
pacificus, Isograptus caduceus var. victoriae,Oncograptus upsilon, Oncograptus upsilon var.
biangulatus.
collection141. FortPena formation three-eighthsmile southwestof Collection140.
Zone 8: Cardiograptus morsus, Didymograptus paraindentus, Didymograptus v-deflexus,
Isograptus caduceus var. divergens, Isograptus caduceus var. maximo-divergens, Isograptus
caduceus var. victoriae,Oncograptus upsilon, Oncograptus upsilon var. biangulatus, Phyllo-
graptus typus.
collection 142. Woods Hollowshale 2% miles S. 53° W. of Gage's Lightning ranch and1% milesN.40° W. ofPenaBlanca Spring.
Eurychilina papillata,Eurychilina cf. E. subradiata,Eurychilina sp., Schmidtellasp.
collection 143. Maravillas chert 25 feet above the baseof the formationon the northwest slope of
the ridge rising above the road to Gage Indian Creek ranch (now owned by Gage Holland), 7
miles southwest of its junction withStateHighway 51.
Zone13:Ampyxina sp.,fragments ofbryozoa.
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collection 144. Maravillas chert 112 feet aboveCollection143.
Climacograptus sp., Orthograptus sp., Cryptolithus sp.
collection 145. Maravillas chert20 feet aboveCollection 144.
Zone14:Halloporasp. and fragmentsof other bryozoa.
collection 146. Maravillaschert 5 feet abovethe base of theformation, from thematrix of thebasal
conglomerate,inSection XIV,measuredat Rock House Gap.
Zone13: Streptelasmasp.
collection 147. Maravillas chert 8 inches belowits contact with the Caballos novaculite at Monu-
ment Springon thesoutheastlimb of theMarathonanticlinorium.
Zone15: Climacograptus putillus, Climacograptus scalaris var.miserabilis?, Climacograptus
cf. C. ulrichi, Dicellograptus complanatus, Dicellograptus complanatus var. arkansasensis,
Diplograptus crassitestus, Glyptograptus sp., Orthograptus truncatus var. abbreviatus?'.
collection 148. Woods Hollow shale 75 feet above thebase of the formationinSection XI.
Zone 11: Dicellograptus intortus, Dicellograptus sextans, Glyptograptus teretiusculus var.
euglyphus,Nemagraptus exilis var.linearis.
collection 149. Fort Pefia formation 60 feetabove thebaseof the formationinSection XVIII.
Zone 9: Glossograptus acanthus, Glossograptus hincksii, Glyptograptus sp., Hallograptus
echinatus, Hallograptus etheridgei.
collection 150. Woods Hollow shale half a mile south of Ridge Spring, on thesection of oldhigh-
waybetweenRidge Spring andGarden Springs.
Zone 11: Climacograptus scharenbergi cf. var. stenostoma, Cryptograptus tricornis, Dicello-
graptus intortus, Dicellograptus moffatensis var. alabamensis,Dicellograptussextans, Glypto-
graptus teretiusculus, Glyptograptus teretiusculus var. euglyphus.
collection 151. WoodsHollow shaleone-fourth milesouth of Collection 150.
Fragments of bryozoa,brachiopods,and trilobites.
collection 152. Fort Pena formation 1% miles S. 7° W. of Garden Springs and one-eighth mile
westof theabandonedsection of highway.
Zone 9: Didymograptus nodosus, Didymograptus sp., Glyptograptus cf. G. austrodentatus,
Isograptuscaduceus var.imitata. Isograptussp.,Pterograptus incertus.
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Plates 4-20
FAUNA OF GRAPTOLITE ZONES 1-15
All figures on Plates 4 to 18 are untouched photographs. The specimens were
photographed while under glycerin with the exception of the following, which were
photographed dry:Plate 6, figures 3 and 8;Plate 7, figures 1-3,5, 9; Plate 8, figure
15;Plate 16, figures 2, 6-13.
The figures onPlates 19 and 20 are drawingsmade fromspecimens which show little
contrast with therock background.
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PLATE 4
Zone 1
All figures x2except figure 6 whichisxlO and figure7 whichisx6
Figures— Page
1,2. Clonograptus cf. C. tenellus (Linnarson). Collection119 48
Figure 1.YPM 20258.
Figure 2. YPM 20259.
3. Fragments of Clonograptus cf. C. tenellus (Linnarson) andAnisograptus sp. Collec-
tion 119, YPM 20260 ..__ .„_. „ __ 48
4,9. Anisograptus sp. Collection 728.
Figure 4. YPM 20261.
Figure 9. YPM 20264.
5,6. Anisograptus dissolutus Berry, n.sp. Holotype.Collection84A, YPM 20255. In figure
6, the arrowpoints at thesicula 45
7. Triograptus cf. T. otagoensisBenson andKeble.Collection72D, YPM 20262 48
8. Dictyonema sp.Collection 29, YPM 20263.
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All figures x2except figures 6 and 7 whichare x6
Figures— Page
1. Clonograptus sp. Collection12, YPM 20265.
2,8. Adelograptus hunnebergensis (Moberg)? 45-46
Figure 2. Collection11, YPM 20266.
Figure 8.Collection59, YPM 20271.
3. Adelograptussp.Collection598, YPM20267.
4. Tetragraptus decipiensT.S.Hall.Collection84, YPM20268.
5. Dictyonema sp. Collection 978, YPM 20269.
6,7. Didymograptus novus Berry,n.sp. Holotype.Collection72D 62
Figure 6. YPM 20254.
Figure 7. YPM 20270.
9. Bryograptus crassus HarrisandThomas?.Collection 33, YPM 20272 47
10. Clonograptus rigidus (Hall). Collection84, YPM 20273 48
11. Clonograptuspersistent Harris and Thomas.Collection 33, YPM 20274 47





1-3. Tetragraptus approximates(Nicholson) - 52
Figure1.Collection76, YPM 20275.
Figure2. Collection76, YPM 20276.
Figure 3.Collection120.
4. Clonograptus flexilis (Hall).Collection76, YPM 20277 47
5. Didymograptus extensus (Hall). Collection79, YPM 20278 60
Zone 5
6. Tetragraptus serra (Brongniart). Collection 26, YPM 20279 56
7,11,12. Tetragraptus fruticosus (Hall) 54
Figure7.Three-branchedform.Collection90, YPM20280.
Figure11. Three-branchedform.Collection27, YPM 20283.
Figure 12.Four-branched form. Collection27.
8. Protopliomeropssp. Collection26.
9. Didymograptus patulus (Hall).Collection32, YPM 20281 63
10. Tetragraptus amiiLapworth.Collection26, YPM 20282 52
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All figuresx2except figure 1which is x3
Figures— Page
1-3. New genus related toBenthamaspisandStrigenalis.Collection79.
Figure 1. Glabella.
Figure 2. Pygidium.
Figure 3. View of glabella fromright side.
4. Dictyonema sp.Collection101, YPM20284.
5. Tetragraptus acclinans Keble.Collection 48 52
6. Ptilograptusplumosus Hall.Collection 121, YPM 20285 49
7. Tetragraptus pendensElles. Collection71, YPM 20286 .„. 55
8. Didymograptuspatulus (Hall). Collection 69 63
9. Tetragraptus amii Lapworth.Collection 69 52
10. Dictyonema dumosus Berry, n.sp. Holotype. Collection101, YPM 20251 45
11. Tetragraptus bigsbyi (Hall). Collection71, YPM 20287 - 53
12. Tetragraptus quadribrachiatus (Hall). Collection121, YPM 20288 55
13. Dichograptus octobrachiatus (Hall).Collection69, YPM 20289 51
14. Tetragraptus fruticosus (Hall) (4-branched form).Collection69, YPM 20290 54
15. Clonograptus rigidus (Hall).Collection 69, YPM 20291 48
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PLATE 8
Zone 6
All figures x2except figure 16 whichis xlO
Figures— Page
1,3. Tetragraptus jruticosus (Hall) 54
Figure1.Four-branchedform.Collection23,YPM20292.
Figure3. Three-branchedform.Collection115.
2,12. Dichograptus octobrachiatus (Hall).Collection 23 51
Figure2. Hexadform.YPM20293.
Figure12. YPM 20302.
4. Phyllograptus ilicifolius Hall.Collection115, YPM 20294 57
5-9. Didymograptus protobifidus Elles 63
Figure 5.Collection 25, YPM20295.
Figure 6. Collection 115, YPM20296.
Figure 7.Collection30, YPM20297.
Figure 8.Collection25, YPM20298.
Figure 9. Collection115, YPM 20299.
10. Didymograptus extensus (Hall).Collection 23, YPM 20300 60
11. Didymograptus nitidus (Hall). Collection36, YPM 20301 61
13. Tetragraptus taraxacum Ruedemann.Collection 53, YPM 20303 56
14. Phyllograptus annaHall.Collection53, YPM 20304 57
15. Goniograptus thureaui (McCoy). Collection 25 49
16. Phyllograptus anna mut. longus Ruedemann.Collection25, YPM20305 57
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1,2. Phyllograptus ilicifolius Hall.Collection 26 57
Figure 2. YPM20307.
3. Tetragraptus fruticosus (Hall) (4-branched form).Collection114, YPM 20306 54
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PLATE 10
Zone 7
All figures x2except figure2 which is xlO
Figures— Page
1,11,13. Phyllograptus typusHall 58
Figure1. Collection70, YPM20308.
Figure11. Collection47, YPM 20316.
Figure13. Collection70, YPM20317.
2,5, 6. Didymograptus artus Elles and Wood. Collection 20 58
Figures 2, 6. YPM 20309.
Figure 5. YPM 20312.
3,7-10. Didymograptus bifidus (Hall) 59
Figure 3. Collection9, YPM20310.
Figure 7. Collection19, YPM 20313.
Figure 8. Collection 67.
Figure 9. Collection67, YPM20314.
Figure 10.Collection 20, YPM20315.
4. Phyllograptus anna Hall.Collection 47, YPM 20311 57
12. Didymograptus denticulatusBerry,n.sp. Holotype. Collection20, YPM20252 60
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All figures x2except figure 1whichisxlO
Figures— Page
1,2. DidymograptusparaindentusBerry, n.sp 63-
Figure 1.Holotype. Collection141, YPM 20253.
Figure 2. Collection 61A.
3. Didymograptus mendicus Keble andHarris.Collection113, YPM 20318 61
4. Didymograptus pacificus Ruedemann.Collection140, YPM 20319 63
5. Isograptusmanubriatus (T.S.Hall). Collection110 67
6. Isograptus caduceus var. divergens Harris.Collection 110 66
7. Isograptus caduceus var. victoriaeHarris.Collection141, YPM20320 67
8. Isograptus caduceus var. maximaHarris.Collection 88, YPM 20321 66
9. Didymograptus v-deflexusHarris.Collection141, YPM20322 65
10,15. Oncograptus upsilonT.S.Hall.Collection141 68
Figure 10. YPM 20323.
Figure 15. YPM 20327.
11. Isograptus caduceus var. maximo-divergens Harris.Collection 88, YPM 20324 67
12. Cardiograptus crawfordi Harris. Collection 62, YPM 20325 65
13,14. Cardiograptus morsusHarris andKeble 66
Figure 13.Youngstage. Collection 42.
Figure 14.Collection108, YPM20326.
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PLATE 12
Zone 9
All figures x2except figures 3 and 8 which are xlO
Figures— Page
1. Isograptus forcipiformis var. latus Ruedemann.Collection28, YPM 20328 67
2. Pterograptits incertus Harrisand Thomas.Collection16, YPM20329 51
3. Didymograptus nodosus Harris.Fragment of a stipe.Collection98, YPM20330 62
4. Isograptus manubriatus (T.S. Hall).Collection111 67
5. Loganograptus loganimat. pertenuis Ruedemann.Collection 28, YPM 20331 50
6. Hallograptus etheridgei (Harris). Collection149 95
7,8. Cryptograptus schaferi (Lapworth). Collection15, YPM 20332 69
9. Typical assemblage of Zone9. Collection13.
9a. Glossograptus hincksii (Hopkinson).YPM 20381 71
9b. Hallograptus etheridgei (Harris).YPM 20382 95
10. Trigonograptus ensiformis (Hall).Collection 28, YPM 20333 94
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1. Typicalassemblageof Zone9, x2. Collection28.
Tetragraptusserra (Brogniart).YPM 20380 56
Tetragraptus? sp., dendroidfragment.
2,3. Glyptograptus cf. G.austrodentatus (Harris andKeble).Collection117, YPM20334.. 87
Figure 2,x 2; figure 3,xl6.
4. Hallograptus etheridgei (Harris),xlO. Proximalend.Collection13, YPM 20382 95
5. Dichograptus marathonensis Berry,n.sp., x2. Holotype. Collection28, YPM 20257.... 51
6,7. Trigonograptus ensiformis (Hall).Collection28 94
Figure 6, xlO. YPM 20336.
Figure7, x2. YPM 20335.
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PLATE 14
Zone 10
Figures 2, 4,6-9, all x2.Figures1,3,5, 10, all xlO
Figures— Page
1,2. Amplexograptus confertus (Lapworth). Obverseaspect. Collection38, YPM 20337.... 85
3-5,8. Glyptograptus cf. G. teretiusculus (Hisinger). Reverse aspect. Collection 85 87
Figures 3, 8. YPM 20338.
Figures 4, 5. YPM 20339.
6,7. Phyllograptus nobilisHarris andKeble.Collection85 57
9, 10. Climacograptus riddellensisHarris.Collection46 82
Plate 14Graptolite Faunas, Marathon Region




All figures x6exceptfigures 10, 12,13 whicharex2
Figures— Page
1. Dicellograptus intortus Lapworth.Collection122, YPM20340 75
2. Dicranograptusbrevicaulis Ellesand "Wood. Collection104, YPM 20341 77
3a. Retiograptus geinitzianus Hall.Collection136, YPM 20379 96
3b. Dicellograptus smithiRuedemann.Collection136, YPM 20378 77
4. Leptograptus sp.Collection139, YPM20342.
5. Corynoides calicularis Nicholsoni.Collection104, YPM 20343 68
6. Climacograptus scharenbergicf.var.stenostoma Bulman.Collection127, YPM20344 83
7. Leptograptus flaccidus mut. trentonensis Ruedemann.Collection139, YPM 20345 72
8. Glyptograptus teretiusculusvar. euglyphus (Lapworth). Collection127, YPM 20346.. 88
9. Cryptograptus tricornis (Carruthers). Collection136, YPM 20347 70
10. Dicellograptus moffatensis var. aLabamensisRuedemann.Collection 139, YPM 20348 76
11. Dicellograptussextans var. exilisElles andWood.Collection104, YPM20349 77
12. Dicellograptus divaricatus (Hall). Collection104, YPM 20350 74
13. Nemagraptus gracilis (Hall).Collection139, YPM 20351 73
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PLATE 16
Zone 12
All figures x2except figure13 whichis xlO
Figures— Page
1. Dicellograptusdivaricatus var.salopiensisEllesandWood.Collection136, YPM20352 72
2. Diplograptus multidens (Elles and Wood). Collection87, YPM 20353 85
3,4. Orthograptuscalcaratusvar.acutus Lapworth.Collection 94A 89
Figure 3. YPM 20354.
Figure 4. YPM 20355.
5. Glytograptus teretiusculus (Hisinger). Collection94C, YPM 20356 87
6. Hallograptus mucronatus (Hall). Collection 87, YPM 20357 95
7. Orthograptus whitfieldi (Hall).Collection 94A 93
8,13. Amplexograptus cf. A. perexcavatus (Lapvrorth). Obverse aspect. Collection 87,
YPM 20358 86
9. Dicellograptus gurleyi Lapworth.Collection136, YPM 20359 75
10,11. Climacograptus bicornis (Hall). Collection 87 79
Figure10.Distal portionof stipe.YPM 20360.
Figure11. YPM 20361.
12. Climacograptus parvus Hall.Collection948, YPM20362 81
Plate 16Graptolite Faunas, Marathon Region





Figures 2-4, 6-8, lOa-b, all x2.Figures1,5,9, 11,all xlO
Figures— "
1,2. Climacograptus typicalis var. crassimarginalis Ruedemann and Decker. Collection
106, YPM20363 ._ ___.. r 84
3,7. Orthograptus calcaratus var. incisus (Lapworth). Collection 128 —. 90
Figure 3. YPM 20364.
Figure7. YPM 20366.
4, 5. Orthograptus truncatus var. intermedius (Elles andWood).Collection134 A 92
6. Dicranograptus nicholsoni Hopkinson.Collection 134A, YPM 20365 — 78
8. Dicranograptus nicholsoni var. geniculatus Ruedmann and Decker. Collection
134A, YPM 20367 ._ 78
9,10b. Retiograptuspulcherrimus Keble and Harris. Collection73, YPM 20368 96
10a,11. Orthograptus quadrimucronatus var. angustus (Ruedemann). Collection 73, YPM
20369 - 91






1. Orthograptus quadrimucronatus(Hall),x2. Collection73A, YPM 20370 91
2,3. Diplograptus minutus Berry,n.sp. Holotype.Collection 45, YPM 20256 85
Figure 2, xlO.
Figure 3, x2.
4,5. Orthograptus truncatus var. recurrens (Ruedemann) 93
Figure 4, x2. Collection131A.
Figure 5, xlO. Collection 132.
6. Climacograptus sp., x2. Collection45, YPM20371.
7. Climacograptus caudatus Lapworth,xlO. Collection128 79
8. Orthograptus cf. 0. calcaratus var. vulgatus (Lapworth), x2. Collection 45, YPM
20272 - 90
9. Orthograptuscalcaratus (Lapworth) ?, x5. Collection 131, YPM 20373 89
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1. Dicellograptus forchammeri var.flexuosus Lapworth.Collection134 75
2. Climacograptus minimus (Carruthers).Collection838, YPM20384 80
3. Orthograptus cf. 0. calcaratusvar. basilicus (Lapworth). Collection83A 90
4. Climacograptus bicomis (Hall).Collection 87, YPM 20385 79
5. Climacograptus tubuliferus Lapworth.Collection55, YPM 20386 83
6. Diplograptus multidens (Elles and Wood). Collection 87 85
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PLATE 20
Zone 15
All figures x5except figure 4, which is xlO
Figures— " Page
1. Dicellograptus complanatusLapworth.Collection60 73
2. Dicellograptus complanatusvar.arkansasensisRuedemann.Collection60, YPM20383 73
3. Dicellograptus complanatus var.ornatus Ellesand Wood.Collection 60, YPM 20374 74
4-6. Onhograptus truncatus var.socialis (Lapworth). Collection60 93
Figure 6. YPM 20375.
7,8. Diplograptus crassitestus (Ruedemann). Collection 60 84
Figure 8. YPM 20376.
9. Climacograptus mississippiensis Ruedemann.Collection138 81
10. Onhograptus truncatus var. abbreviatus (Elles and Wood) ?. Collection147 92
11. Climacograptus hastatusT.S.Hall.Collection60, YPM 20377 80
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Index
abbreviates, Orthograptus truncatus: 29, 30, 44,
92, 129, 164
acanthus, Glossograptus: 22, 41, 70-71, 117, 120,
129
acclinans, Tetragraptus:16, 52,122, 139
acutus, Orthograptus calcaratus: 25, 85, 87, 89,
125, 156
Adelograptus: 17, 18, 42, 45-47, 105— Clonograptus zone:7, 9, 15
hunnebergensis: 16, 40, 45-46, 109, 111, 120,
123, 135
pusillus: 16, 46, 124
simplex: 16, 40, 46, 47, 105, 110, 111, 121, 124
sp.: 135
victoriae: 16, 40, 46-47, 54, 105, 106, 110, 111,
121, 122, 124, 125
affinis, Didymograptus: 20, 58, 117, 120, 121
Alabama:73, 75,77, 81, 89, 90, 96
alabamensis,Dicellograptus:26
moffatensis: 25, 76,128,129, 155
Orthograptus calcaratus: 25, 26, 89-90, 113,
126, 127
Albany, New York:64, 90, 91, 96
Alberta,Canada: 63
Allopiloceras:19
cf. A. coarctum: 17
Alsate Creek: 8, 10, 12, 14, 18, 19, 20, 106, 107,
109, 111, 112, 116, 120, 121, 123, 124, 125,
126, 127
section: 23
Alsateshale: 1,6,11, 12, 18,19-20, 21, 23, 32, 36,
37, 55, 58, 66
in list of localities: 120-129
inmeasured sections: 106-119
zone8: 52, 58, 61
americanus, Climacograptushastatus: 80
amii, Tetragraptus: 16, 20, 52, 56, 109, 110, 117,





confertus: 8, 22, 23, 25, 26, 41, 85-86,113, 122,
124 125 152
differtus:22, 23, 25, 41, 86, 122,125
perexcavatus: 25, 85, 86-87, 125, 156
Ampyxina: 28,29, 113,115,126, 128
anceps, Dicellograptus:43, 44, 74, 82, 92
Andean trough: 24
angustifolius, Phyllograptus:16, 56-57, 107,110,
118, 121, 122, 123
angustus, Orthograptus quadrimucronatus:8, 28,
29, 91, 114,115,124,125,128,159
Anisograptidae: 45-49
Anisograptus: 17, 35, 40, 42, 106, 107, 109, 111,
120, 121,122,123, 124,126, 127




anna, Phyllograptus: 16, 57, 109, 118, 121, 122,
123,127, 140,144
longus: 16, 57,118
annectans, Leptograptus:29, 38,72, 124












approximatus,Tetragraptus:7, 9, 16, 35, 40, 47,
48, 52-53, 55, 105,107,109,111, 124,127,136
Arbuckle group:56, 64
Mountains: 6, 19, 23, 26, 27, 30, 35, 37, 38, 56,
59, 64,72,73, 81, 83, 84, 85
correlation of zones: 36
Archeoscyphia:14,108, 121
annulatum: 16, 17, 19, 127
Archiretiolitinae: 96-97
Arenig series and/or Middle Skiddaw slates: 39,42, 50, 51, 52, 54, 55, 56, 58, 63, 70, 83
Arkansas: 59, 60, 62, 64, 67, 68, 70, 71,73, 74,75,




73-74, 114, 123,129, 164
armatus, Glossograptus:25, 71, 128
artus, Didymograptus: 7, 16, 18, 19, 37, 41, 43,
58-59, 63, 118, 121,122, 144
Asaphus: 26
Ashby stage: 9,23, 27,36, 39
Ashgill series: 39, 44
Ash Hill quarry: 72





AtwaterCreek shale: 38, 91
Australia: 1, 40, 42, 43, 55, 59, 60, 61, 62, 64, 65,
66, 67, 70, 71, 73, 74, 75, 76, 77, 78, 80, 81,
82, 83, 85, 86, 87, 88, 89, 90, 91, 92, 93,94,
95, 96, 97
graptolite faunal region: 44









austrodentatus, Glyptograptus:41, 51, 59, 66,
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Bendigo series: 42, 43, 46, 47, 49, 50, 51, 52, 54,
55, 56, 57, 61, 62, 65
zones: 40, 41
Benthamaspis:105,122,124,139
new genus related to:16
biangulatus, Oncograptus upsilon: 22, 68, 128
BibbCounty, Alabama:89
bibliography: 98-103
bicornis, Climacograptus:8, 9, 25, 26, 27, 37, 42,





bifidus,Didymograptus: 7,9,16, 18,19, 20, 41, 43,
49, 50, 51, 53, 54, 57, 58, 59, 60, 61, 63,





bigsbyi, Tetragraptus:16, 53-54, 107, 110, 118,
121,122,123,124,127,139
bimucronatus, Hallograptus: 25, 94-95, 125, 128




Blakelysandstone:36, 37, 60, 67
Bose, Emil: 26
Bolindian series: 39, 42, 44, 63, 74, 75, 76, 82, 89,
90,91, 92, 93, 96
boulders: 26
exotic: 3,5,24,33




brevicaulis,Dicranograptus:25, 26, 77, 114, 126,
127, 155
Brewster formation:11, 24
Bristol, Tennessee: 69,73, 81
British Columbia: 57, 58, 60, 61, 64, 65, 67, 69,
70,71, 73,78,88, 96, 97
Britishgraptolite zones: 39, 41
British Isles: 42, 48, 50, 53, 57, 58, 59, 60, 62,
64, 69, 70, 71, 74, 75, 77, 83, 89, 92
graptolite faunal region:44
zonesof:38,39,41
British sequence and/or succession: 39, 44, 59,
64, 71, 77, 83, 86, 88, 89, 91, 92, 95
zones: 43
Broderick Fund grant:2
Bromide formation: 26, 27, 36, 37, 38
Bryograptus: 46, 47





bursifer, Climacograptus antiquus: 25, 79, 125
Buttrill ranch: 4, 15, 110, 121, 122, 124
member: 4
Caballos novaculite: 21, 23, 34, 122, 123, 125,
128, 129
caduceus, Isograptus: 8, 9, 20, 23, 66, 117
divergens: 22, 41, 66, 68, 117, 120, 126, 128,
147
imitata: 22,66,122,129
lunata: 16, 18, 20, 41, 66, 121, 124
maxima: 22, 50, 65, 66-67, 106, 123, 125, 126,
127,147
maximo-divergens: 22, 67, 125, 128, 147
nanus: 37
victoriae: 21, 22, 67, 106, 120, 125, 126, 128,
147
Calathium cf. C. formosum: 17
calcaratus, Orthograptus: 29, 44, 89, 124, 127,
128, 160
acutus: 25, 85, 87, 89, 125,156
alabamensis: 25, 26, 89-90, 113, 125, 126, 127
basilicus:29, 90, 122,124,163
incisus: 8,28, 29, 126,127,159
vulgatus: 29, 42, 90, 91, 115, 122, 128,160
Calera,Alabama:81calicularis, Corynoides: 25, 68-69, 114, 125, 126,
127, 128, 155
callavei,Clonograptus tenellus:16, 42, 48,110,125










Canajoharieshale: 36, 38, 83, 91
Caradocage and/orseries: 39, 43, 76, 83
Carboniferous strata:5
Cardiograptus: 8, 65-66, 67, 68
crawfordi: 22, 65-66, 122, 123, 128, 147
morsus: 22, 41, 65, 66, 122, 126, 128, 147
zone: 41
Castlemainian:39
Castlemaine series: 41, 43, 56, 58, 66, 67
zone of Isograptus caduceus var. maxima: 50
Cathedral Mountain: 8















Climacograptus: 8, 30, 78-84, 85, 114, 115, 122,
123,125,126,127,128, 129
antiquus: 29, 78-79, 96, 114, 115, 124,126, 128
bursifer:25,79,125
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Climacograptus (continued)—
eximius: 25, 79-80, 112, 125, 126, 128
hastatus: 29,79-80,114,123,164
americanus: 80
minimus: 29, 42, 80-81, 114, 122, 123, 124,
125, 163
mississippiensis: 8, 29, 38, 81, 114, 123, 128,
164







riddellensis: 22, 23, 25, 41, 82, 113, 122, 127,
128, 152
scalaris miserabilis: 29, 30, 82, 129
scharenbergi: 29, 81, 82-83, 87, 114, 115, 124,
128
stenostoma: 25, 83, 114, 127, 129, 155
sp.: 160
spiniferus: 29, 83,115,125,128
tubuliferus: 8, 29, 30, 42, 83, 114, 115, 122,
123,124,125,163
typicalis: 29, 31, 38, 83-84, 114, 115, 124, 128
crassimarginalis: 28, 29, 31, 84, 115, 126,
127, 128, 159
ulrichi:29, 84,128,129
wilsoni zone: 69, 70, 71, 75, 78, 79, 83, 87, 88,
90, 91, 93
clingani, Dicranograptus:44, 69,70, 75,79, 80, 83,
89, 90, 92, 93
Clinton,NewJersey: 77
Clonograptus: 7, 17, 18, 42, 47-48, 106, 108, 109,
110, 111, 119, 120, 122, 123, 124, 126, 127— Adelograptus: 35
flexilis:16, 35, 40, 42, 46, 47, 105,107, 108,109,
120,121,123,124,126,127,136
persistens: 16, 47, 105, 109, 120, 121, 135
rigidus: 16, 35, 40, 47, 53, 105, 109, 110, 120,
124, 125,135,139
sp.: 135
tenellus: 16, 17, 48, 107, 111, 124, 127, 132
callavei: 16,42,48,110,125
Cloud,P. E., Jr.: 17
coarctum, Allopiloceras:17





Combs No. 1,Turner: 4
complanatus, Dicellograptus: 8, 29, 30, 38, 42,
43, 44, 73, 82, 92, 93, 114, 123, 129, 164
arkansasensis: 29, 73-74, 114, 123, 129
ornatus:8,9, 29, 42,74, 82,114,123
compressus, Didymograptus: 22, 59, 121
confertus, Amplexograptus:8, 22, 23, 25, 26, 41,
85-86,113,122, 124,125, 152
Constellaria:30













calicularis: 25, 68-69, 114, 125, 126, 127, 128,
155








crassimarginalis,Climacograptus typicalis: 28, 29,
31, 84, 115,126, 127,128, 159
crassitestus, Diplograptus: 8, 29, 30, 38, 84-85,
114, 123, 128, 129, 164
crassus, Bryograptus: 16, 47, 105, 110, 121, 135
crawfordi, Cardiograptus:22, 65-66, 122, 123,
128, 147
Cretaceous rim: 15, 20
Cryptograptidae: 69-72
Cryptograptus: 26, 69-70, 126
schaferi: 22, 41, 50, 51, 60, 62, 65, 69, 87, 95,
117, 120, 121, 126, 148
tricornis: 25, 69, 70, 112, 113, 114, 122, 125,
126, 127, 128, 129, 155
insectiformis:70




Crystal Mountain sandstone:35, 36
Crystal Springs, Arkansas: 79, 91
curtus mut. pristinus, Corynoides: 69
cuspidatus, Didymograptus: 22, 41, 59-60, 117,
120, 123,126
Dagger Flat: 4
anticlinorium:4, 5, 8, 10, 14-15, 20, 21, 24, 27,
28, 32, 105,110, 115,121,122
sandstone:3, 4-5, 11, 19
in list of localities: 120-129
in measured sections: 106-119
Decker,C.E.: 2,19, 31, 37, 38, 56
deckeri,Retiograptus:29, 96,114,123




decoratus, Diplograptus: 50, 51, 60, 62, 65, 70,,
86, 87
(Mesograptus):57
Deepkillshale: 36, 57, 58, 60, 64,72, 87, 94, 95, 97
beds 2and 3: 51
Didymograptusbifidus zone:7,9, 49, 50, 51, 53,,
54, 60, 65,70, 83, 86
Diplograptus dentatus zone: 49, 50
Tetragraptus zone:46, 53, 54, 55, 61, 62, 63
zones1and/or 2: 35, 36, 37, 52, 56, 59, 63, 65
zone 3: 36






denticulatus, Didymograptus: 16, 49, 50, 51, 52.,
53, 55, 57, 60, 72, 94, 95, 97,118,121, 144
Glyptograptus: 37, 43, 56, 87
dependent didymograptid:7
Devonian system: 34
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Diaphelasmasp.:17
Dicellograpti:26, 30
Dicellograptus: 8, 26, 73-77, 127
alabamensis:26
anceps: 43, 44
zone: 74, 82, 92
complanatus: 8, 29, 30, 38, 42, 43, 44, 73, 82,
114, 123, 129, 164
arkansasensis: 29, 73-74, 114, 123, 129, 164
ornatus: 29, 42, 44, 74, 82, 114, 123, 164
zone: 8, 9
zone:92,93
divaricatus: 25, 74, 114, 126, 127, 128, 155
salopiensis:25, 74, 127,128, 156
forchammeri:29, 30, 38, 42, 74-75, 83, 124,125
flexuosus: 29, 31, 75,115, 128,163
gurleyi:25,75, 114,127,128,156
exilis:25, 75, 128
intortus: 25, 75-76, 112,114,126, 127,128, 129,
155
moffatensis alabamensis: 25, 76, 128, 129, 155
nicholsoni: 29
patulosus:25, 76, 128
pumilus: 29, 76, 128







Dichograptus: 51-52, 106, 125
marathonensis:22, 51-52, 117,120, 121,151
norvegicus: 52




Dicranograptus: 8, 26, 77-78
brevicaulis: 25, 26, 77, 114, 126, 127, 155
clingani:44,79
zone: 69,70,75, 80, 83, 89, 90, 92, 93
contortus: 25, 77-78, 126
nicholsoni:28, 29, 31, 42, 78, 91, 115, 128, 159
geniculatus:29, 78,115,124,128,159
Dictyonema: 7, 40, 42, 45, 105, 106,107, 109,110,
111,120,121,124, 125,126,127,128
canadense: 35
dumosus:16, 45, 119,126, 139
flabelliforme: 42
sp.: 132, 135, 139
Didymograpti and/or didymograptids: 7, 8, 18,
26, 55, 58-68
extensiform:18, 40, 42, 43
Didymograptus: 7, 17, 18, 37, 40, 53, 58-65, 107,
109, 110, 117, 118, 120, 121, 122, 123, 124,
125, 126, 127, 129
affinis:2o, 58, 117,120,121
artus: 7, 16, 18, 19, 37, 41, 43, 58-59, 63, 118,
121, 122, 144
Hfidus: 16, 18, 19, 20, 41, 43, 57, 58, 59, 61, 63,
106, 109, 118, 120, 121, 122, 123, 124, 144
zone:7,9, 49, 50, 51, 53, 54, 60, 65, 70, 83, 86
compressus: 22, 59, 121
cuspidatus:22, 41, 59-60, 117, 120,123, 126
denticulatus:16, 60, 118,121, 144
«llesae: 16, 60
euodus: 22, 37, 60, 126
Didymograptus (continued) —
extensus: 16, 42, 43, 52, 54, 56, 60-61,105, 106,
107, 108,110, 118, 119,120,121,122,123,124,
125, 127, 136, 140
zone: 53, 64, 70
hirundo: 42, 43, 64
zone: 53
indentus: 63




nicholsoni: 16, 61, 63, 106, 109, 118, 122, 123,
127
planus:16, 61, 109,118,121, 125
nitidus: 16, 43, 61-62, 63, 105, 106, 109, 118,
119, 121, 122, 123, 124, 125, 126, 127, 140
nodosus: 22, 41, 50, 59, 60, 62, 117, 120, 121,
126, 129, 148
n0vu5:16,62,111, 124,135
pacificus: 22, 63, 126,128, 147
paraindentus:22, 63, 123,128, 147
patulus:16,63, 109,118,121, 123,125, 126,127,
136, 139




saggiticaulis: 25, 26, 64, 125
serpens: 62
serratulus: 25, 26, 64-65, 113,125,126, 127
shales inNorway: 61, 64, 66
similis:16, 65, 109,121,122,123,124
subtenuis: 25, 65, 128
v-deflexus:22, 41, 65, 68, 128,147
zone,Levis shale: 49, 54. See also Levis shale,
differtus, Amplexograptus:22, 23, 25, 41, 86, 122,
125




Diplograptus: 26, 84-85,124, 126, 127
amplexicaulis:29
crassitestus: 8, 29, 30, 38, 84-85, 114,123, 128,
129, 164
decoratus: 51, 60
zone:50, 62, 65,70, 86, 87
dentatus:49, 50, 51, 52, 53, 55
zone: 49, 50, 57, 60,72, 94, 95, 97
(Glyptograptus) euglyphus pygmaeus:88
(Mesograptus) decoratus: 57
minutus: 29, 85, 115, 122,160
multidens: 25, 26, 85, 89, 94, 125, 150,163
diminutus: 25, 85, 125
(Orthograptus) nexus: 93
dissolutus, Anisograptus: 16, 45, 125, 132
divaricatus, Dicellograptus:25, 74, 114, 126, 127,
128, 155
salopiensis:25,74, 127,128, 156
divergens, Isograptus caduceus: 22, 41, 66* 68,




dumosus, Dictyonema: 16, 45, 119, 126, 139
Dunbar, C. O.: 2
EastBourlandMountain:23, 26, 126
Eastonian series: 39, 42, 44,70, 78, 79, 80, 81, 83,
89, 90, 91, 92, 93
GraptoliteFaunas,Marathon Region 171








ellesae,Didymograptus: 16, 60, 122
ElPaso limestone: 5,17, 19
Endoceras: 16,17, 105, 124
England: 1,51, 52, 55, 63,70,71, 96
English and Australian sequences, Ordovician
graptolites in:31
ensiformis, Trigonograptus: 22, 37, 41, 43, 50, 51,




etheridgei, Hallograptus: 8, 9, 22, 41, 60, 65, 70,
87, 95, 97, 112, 117, 120, 127, 129, 148, 151
Lasiograptus:96
euodus,Didymograptus: 22, 37, 60, 126
euglyphus, Diplograptus (Glytograptus) pyg-
maeus: 88







exilis,Dicellograptus gurleyi: 25, 75, 128
sextans: 25,77, 126,128,155
Nemagraptus linearis: 25, '26, 72-73, 112, 126,
128, 129
eximius, Climacograptus: 25,79-80, 112,125,126,
128
exoticboulders:3, 5, 24, 33
extensus, Didymograptus:16, 42, 43, 52, 53, 54,




fault,ThreemileHill thrust: 4, 15
Fernvale formation: 36— Richmond fauna: 30
Finkelnburgia:16, 17, 18
flabelliforme, Dictyonema: 42
flaccidusmut. trentonensis, Leptograptus: 25, 72,
122,127, 128, 155
Flexicalemene:29, 30,116,122
flexilis, Clonograptus: 16, 35, 40, 42, 46, 47, 48,
105, 107, 108, 109, 120, 121, 123, 124, 126,
127, 136
flexuosus, Anisograptus:45
Dicellograptus forchammeri: 29, 31, 75, 115,
128, 163
forchammeri, Dicellograptus: 29, 30, 38, 42, 74-
-75, 83, 124, 125
flexuosus: 29, 31, 75,115, 128,163
forcipiformis, Isograptus: 62, 66
latus:22, 23, 67,117,120,121,148
formosum,Calathium:17
Fort Pena Colorada: 20
Fort Pena formation: 1, 6, 11, 19, 20-23, 24, 25,
26, 32, 33, 36, 37, 55, 66, 88
in list of localities: 120-129
in measuredsections: 106—119
zonal distributionof species in:22
Fort Pena formation (continued)—







fruticosus, Tetragraptus (three and/or four-
branched forms):7, 9, 16, 18, 35, 40, 41, 49,
52, 54, 64, 106, 108, 109, 110, 118, 119, 120,
121, 122, 123, 124, 125, 126, 127, 136, 139,
140, 143
Fultonshale:72,78
Gage Indian Creek ranch:128
Lightning ranch: 122, 128
Galena limestone: 84
Garden City limestone,Utah, zones A and B: 19
GardenSprings: 23, 26,129
Gasconade dolomite:18, 35
geniculatus, Dicranograptus nicholsoni: 29, 78,
114, 115, 124,128, 159
genitzianus, Retiograptus:25, 96, 114, 125, 127,
128, 195
Geragnostus rudisholmi: 5
Girvan district, South Scotland:54
Gisbornian series: 39, 42, 43,70,71,73,74, 76,77,
79, 82, 85, 87, 88, 91
Glenkilnshales: 64. 70, 71,72, 73, 74, 75, 76, 77,
78,79, 85, 87, 88, 89, 94, 95, 96
Glenogle shale: 46, 57, 58, 60, 61, 65, 67, 69, 70,
71,73,78, 95, 96, 97
Glossograptus: 8, 26, 37, 70-72, 91, 94, 117, 120
acanthus: 22, 41,70-71,117, 120,129
armatus: 25, 71,128
ciliatus:25,71, 125,126, 127,128






Glyptograptus: 8, 37, 87-89, 114, 117, 120, 122,
127, 128, 129
austrodentatus:22, 41, 51, 59, 87, 106,112, 117,
120,121,125, 126,127,129,151
zone: 66
dentatus:37, 43, 56, 87
euglyphus pygmaeus: 88
intersitus: 22, 41, 50, 51, 59, 87, 117, 120, 122
zone: 65, 70, 95
teretiusculus: 22, 23, 25, 26, 41, 43, 87-88, 113r
122, 124,125,126, 127,128,129,152, 156
euglyphus: 25, 88, 112,125,126,127, 129,155
pygmaeus: 25, 88,113, 125,126,127
siccatus: 25,89,128
zone: 8, 9, 82, 88
Goniograpti: 49-51
Goniograptus: 49-50, 110, 122
perflexilis:16,49,122
thureaui:16, 49-50,118, 121,140
gracilis, Corynoides perungulatus: 69
Nemagraptus: 8,9,23, 25, 26, 27, 43,70, 71,73,
75,79, 81, 82, 87, 88, 89, 95, 96, 114,127, 128,,
155
surcularis: 25, 73, 128
Granger,Louis,ranch: 24, 112,122,125
"graptolite bed 2": 57
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graptolite zones 1-15:9, 36. See also zones.
No. 1, Anisograptus:7, 9, 15, 16,18, 35, 40, 42,
45
No. 2, Adelograptus-Clonograptus: 7,9, 15, 16,
17,18, 29, 35, 40
No. 3, Tetragraptus approximate:7, 9, 16,17,
19, 35, 40
No. 4, Tetragraptus fruticosus (four-branched
form):7,9,16, 17,18, 19,35, 40, 45
No. 5,Tetragraptus fruticosus (three and four-
branched forms):7, 9, 16, 17, 18,19, 35, 40,
41,61
No.6,Didymograptus protobifidus:7,9, 16,17,
18,19, 20, 37, 41, 43
No. 8, Isograptus caduceus: 8,9, 20, 21, 22, 23,
37, 41, 43, 49, 50, 51, 52,58, 61
No. 9, Hallograptus etheridgei: 8, 9, 22, 23, 37,
41, 43, 49, 50, 51, 52, 88
No. 10, Glyptograptus cf.G. teretiusculus:8, 9,
22, 25, 37, 49, 50, 51, 52, 82, 88
No. 11, Nemagraptus gracilis:8, 9, 25, 26, 27,
37, 38, 42, 43,70, 71,75, 77,79, 82, 87, 88, 96
No. 12, Climacograptus bicornis: 8, 9, 25, 26,
27, 37, 42, 45, 44, 96
No. 13, Orthograptus truncatus var. inter-
medius:8, 9, 27, 28, 29, 31, 38, 42, 43, 44
No. 14, Orthograptus quadrimucronatus:8, 9,
29,38, 42, 44
No. 15, Dicellograptus complanatus var. orna-







gurleyi, Dicellograptus: 25, 75, 114, 127,128, 156
exilis: 25, 75, 128
Hailey quadrangle, Idaho:78, 89
Hall,J.: 47
Hall,T. S.: 38, 54
Hallograptus: 8, 94-96, 124
bimucronatus:25, 94-95, 125, 128
echinatus: 22, 95,117, 120,122,126,129
etheridgei: 22, 41, 60, 65,70, 87, 95, 96, 97, 112,
117,120,127,129,148, 151
zone: 8, 9





Harris,R.W.: 2, 23, 26, 37
Hartfell shales: 69, 73, 74, 75, 76, 78, 79, 80, 83,
85,89,90,91,92,93
HarvardUniversity,Departmentof Geology: 2







Hill,R. T.: 2hincksii, Glossograptus:22, 25, 70, 71, 117, 120,
121, 128, 129, 148







horridus, Glossograptus:22, 37,71, 121
HorseMountain:34
Hot Springs, Arkansas:37









immotus, Trichograptus:22, 121, 126
incertus, Pterograptus: 22, 51, 117, 120, 121,129,
148
incipiens,Phaenopora:26
incisus, Leptograptus validus:25, 26,72,125,126,
128
Orthograptus calcaratus: 8,28, 29, 90, 126,127,
159
incurvus, Corynoides: '25, 69, 113,126
indentus, Didymograptus: 63
Indian Ladder beds:78
insectiformis, Cryptograptus tricornis: 70
intermedius,Orthograptus var.:8,9
calcaratus: 115
truncatus: 27, 28, 29, 31, 44, 91, 92, 114, 115,
124, 125, 128, 159
international correlation:38-44
intersitus, Glyptograptus:22, 41, 50, 51, 59, 65,70,
87, 95,117,120, 121
intortus, Dicellograptus: 25, 75-76, 112,114, 126,





Isograptus:37, 43, 66-68,122, 129
caduceus: 23,41,66,117,120
divergens: 22, 41, 66, 68, 117, 120, 126, 128,
147
imitata: 22, 66, 122, 129
lunata: 16,18, 20, 41, 66, 117,121,124
maxima: 22, 41, 66-67, 106, 123, 125, 126,
127, 147
zone Castlemaine series: 50
maximo-divergens: 22, 67, 125, 128, 147
nanus: 37
victoriae: 21, 22, 41, 67, 106, 120, 125, 126,
128, 147
zone: 8, 9, 20
forcipiformis:62, 66





Joins formation:19, 36, 37, 59
Jones ranch (old):1, 3, 5, 10, 15, 17, 20, 21, 27,28, 32, 34, 126
Kayseraspis: 16,17
Keble,R. A.: 38
Kenwood,New York:64, 65, 78
Kentucky: 84







LakeSt. John,Province of Quebec:91
Lancefieldian:39





















Levis shale: 36, 47, 49, 50, 51, 52, 53, 54, 55, 57,
58, 61, 63, 94
zones—
A-D: 36




C-3: 37, 49, 53, 59
D:37, 49, 53, 87, 94, 97
D-2: 50, 52, 55, 56
Didymograptus: 49, 54
Lightningranch (Gage's):26





Llandeilo series:39, 43, 44
Llano region: 6











































logani, Loganograptus: 22, 37, 50, 117, 120, 121






Lower Ordovician standard section: 18,19,35,37
Loyal Creek formation,member:36, 38
lunata, Isograptus caduceus: 16, 18, 20, 41, 66,
121,124
Magog, Quebec: 79






Marathon: 4,5,6,8, 10, 19, 21, 23, 27, 29, 61,105,
106,107,108, 109,111,112,113,114,116,120,
121,123,124,125,126,127,128
anticlinorium: 4, 5,8, 10,14, 17, 19-20,21, 27,
32, 105,107, 109,111, 114,120, 123,124,125,
129
area and/or region: 1, 2, 3, 24, 28, 32, 33, 34,
37, 44, 49, 50, 55, 58, 65, 67, 68, 78, 85, 89,
91, 95
Cambrian and Ordovician rocks, nomencla-
ture: 11
correlationof zones: 36
graptolite zones1-15: 1,7-8, 38, 39
assemblage: 68
basin:1,2,8,10,20,21,23
limestone:1, 3, 4,6, 8-19, 20, 21, 32, 35, 36,37,
57, 61
inlist of localities:120-129
in measured sections: 105-119
zonal distributionof speciesin: 16
zones
—
No. 1: 45, 48, 49
No.2: 46, 47, 48, 49, 54, 57, 62
No. 3:47, 48, 51, 53, 55,56, 57, 62
No. 4: 45, 46, 47, 49, 51, 52, 53, 54, 55, 57,
60, 61. 62. 63
No. 5: 51, 52, 53, 54, 55, 56, 57, 61, 62, 63,
65
No. 6: 49, 51, 52, 53, 54, 55, 56, 57, 58, 61,
62, 63, 64, 65
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Marathon limestone, zones (continued)—





sequence and/or succession:27, 39, 47, 51, 52,54, 55, 56, 59, 60, 62, 64, 65, 66, 67, 71,77,79,
80, 82, 83, 86, 88, 89, 92, 95, 96
zones:35, 40,41, 42, 90, 91
"series": 4,8,11,23,24
uplift: 5, 15, 21, 30
zonal sequences: 44
marathonensis, Dichograptus:22, 51-52,117, 120,
121, 151
Maravillas chert: 6, 8, 11, 13, 23, 24, 27-31, 33,
34, 36, 38, 105




No. 13: 75,78,79, 83, 84, 90, 91, 92, 93, 96
No. 14: 29, 72, 75, 76, 79, 80, 83, 84, 85, 89,
90, 91, 92, 93, 96
No. 15: 73,74, 80, 81, 82, 84, 85, 92, 93, 96
MaravillasCreek: 122, 123
Gap:27, 28, 30, 122,123,127
Marmorstage:9,23, 36, 39
Mataneshale:35, 36, 42
maxima, Isograptus caduceus: 22, 41, 50, 65, 66-
-67,106,123,125,126,127,147
maximo-divergens, Isograptus caduceus: 22, 67,
125,128, 147
Maysville group,stage: 9,31, 36, 39
Mazarnshale:35, 36, 52, 55, 62, 65
McKenzieHill formation: 36






mendicus, Didymograptus: 20, 61, 117, 121, 147
meridionalis, Climacograptus modestus: 25, 81,
128
Mesograptus (Diplograptus) decoratus: 57
multidenszone:71, 88
Middleville,New York:38, 92
Middle Ordovician:57, 58, 59, 60, 62, 65, 66, 67,




minimus,Climacograptus: 29, 42, 80-81, 114,122,
123, 124, 125, 163
Minnesota:84
minutus, Diplograptus: 29, 85,115, 122,160
miserabilis, Climacograptus scalaris: 29, 30, 82,
129










dolomite member: 10, 11, 14,15, 17, 18,19, 32,
35
inlist of localities: 120-129
in measured sections: 105-119
quadrangle: 105, 120
morsus, Cardiograptus:22, 41, 65, 66, 122, 126,
128
Mt.Merino,New York:55, 56, 60, 72
mucronatus, Hallograptus:25, 94, 95-96, 125
(Lasiograptus):94, 95











exilislinearis: 25, 26, 72-73, 112, 126, 128,129
gracilis: 23, 25, 26, 27, 43, 73, 81, 89, 96, 114,
127,128, 155
surcularis: 25, 73, 128
zone: 8, 9, 25, 26, 27, 37, 38, 42, 43, 70,71,75,
77,79, 82, 87, 88, 95, 96
Nevada: 71, 88
Newfoundland:35, 61, 73,78, 85, 88
New Jersey:73,77,88
New South Wales: 74
New York:30, 35, 37, 38, 46, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 68, 69,70,
71,72,73, 74,75,76, 77,78,79, 80, 81, 83, 84,
87,88, 89, 90, 91, 92, 93, 94, 95, 96
correlation of zones: 36
StateMuseum:31, 38, 90, 91, 92, 93




Dicranograptus: 28, 29, 31, 42,78, 91, 115,128,
159
geniculatus:29, 78, 114,115, 124,128, 159




nitidus, Didymograptus: 16, 43, 61-62, 63, 105,
106, 109, 118, 119, 121, 122, 123, 124, 125,
126, 127, 140
nobilis, Phyllograptus:22, 23, 41, 57-58, 125,152
nodosus, Didymograptus: 22, 41, 50, 59, 60, 62,
117,120,121,126, 129,148
nomenclature, Cambrian and Ordovician rocks,
Marathon region: 11
Normanskill shale: 36, 37, 64, 65, 68, 69, 70, 71,
72,73, 74,75, 76,77,79, 80, 81, 83, 88, 89, 90,
94, 95, 96
North America: 1, 7,33, 38, 42, 43, 48, 49, 57, 81,
96
correlation: 35—38
graptolite faunal region: 44
Lower Ordovician standard section:18, 19, 35
NorthWest Territory,Canada: 92
norvegicus, Dichograptus:52
novus,Didymograptus: 16, 62, 111,124, 135
Nowadagamember: 36, 38
Graptolite Faunas,MarathonRegion 175
Norway,Didymograptusshales in: 61, 64, 66
Oslo region: 42
octobrachiatus,Dichograptus:16, 22, 40, 42, 51,109, 111,118,121 123, 124,127,139,140OilCreek formation:23,36, 37




Oncograptus:8, 20, 43, 65, 67, 68
upsilon: 22, 41, 66, 67, 68, 123,126, 128,147biangulatus: 22, 68, 128
zone: 41
Ophileta: 16, 17,18,35, 106,121














strata, depositionalhistory of: 32-34
system:5-7, 35
graptolite zones: 38, 39
time: 32, 34




Orthograpti: 8, 28, 30, 44
orthograptids: 38, 44, 94
Orthograptus: 86, 89-94, 113, 125,126, 129
calcaratus:29, 89, 124,127,128,160
acutus: 25, 85, 87, 89, 125,156
alabamensis:25, 26, 89-90, 113,125,126 127
basilicus: 29,90, 122,163
incisus: 8, 28, 29, 90, 126,127,159vulgatus: 29, 30, 42, 44, 90, 91, 115,122, 128,
160
(Diplograptus) nexus:93
quadrimucronatus:29, 30, 31, 38, 42 44, 83 91114, 115, 122,123, 124,125,160
angustus:8, 28, 29, 91, 115,124,125,128,159
cornutus: 28, 29, 91, 115,128
spinigerus: 31
zone: 8,9,29,38,42,44
truncatus: 29, 30, 42, 44, 83, 91-92 93 115124, 125, 127, 128
abbreviates:29, 30, 31, 44, 92,129, 164intermedius: 29, 44, 91, 92, 115, 124 125
128, 159
zone:8,9, 27, 28, 29, 31, 38, 42, 43 44
pertenuis: 29, 93, 115,128
recurrens: 29, 38, 93, 115,122, 128, 160
socialis: 8,29, 30, 92, 93,114, 123,164
whitfieldi:25, 93-94, 113, 125, 126, 127,156Oslo,Norway: 42, 66
Oswego formation:36
otagonensis, Triograptus: 16, 48-49, 109,110 121124,125, 132
Ouachitageosyncline: 24
Mountains: 5, 35, 37, 38, 52, 55, 60, 62, 65, 7378, 85
correlationof zones:36









papillata,Eurychilina: 25, 26, 114, 127, 128
Parabolinopsismariana:16, 17,18
paraindentus, Didymograptus: 22, 63, 123, 128,
147





patulosus, Dicellograptus: 25, 76, 128










perflexilis,Goniograptus: 16, 49, 122
perforata,Paraschmidtella:22, 23, 37,124
pertenuis,Loganograptus logani: 22, 50, 121, 148
Orthograptus truncatus: 29, 93,115, 128
PersimmonGap:1,3, 5,28, 34
persistens, Clonograptus:16, 47, 105, 109, 120,
121, 135
perungulatus, Corynoides gracilis: 69
Picnic Grounds,near Marathon: 19, 20, 27, 107,








Phyllograptus: 8,46, 53, 56-58
angustifolius: 16, 56-57,107, 110,118,121,122,
123
anna:16, 57, 109, 118, 121, 122, 123, 127, 140,
144
longus: 16, 57, 118,121,140
densus zone: 61, 64
ilicifolius: 16, 57, 107, 110, 118, 121, 122, 124,
127, 140, 143
nobilis:22, 23, 41, 57-58,125,152
similis: 53
typus: 16,18, 20, 22, 58, 109,117, 121,122,123,
124, 128, 144
planus, Didymograptus nicholsoni: 16, 61, 109,







plumosus,Ptilograptus: 16, 22, 49, 106, 121, 127,
139
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PointLevis,Quebec:49, 51, 56
Polk Creek shale: 36, 38,73, 74,75, 81, 83, 84, 85,
96






Pratts Ferry, Alabama:75, 76,77, 89, 96
pre-Carboniferous rocks, section, and/or strata:2,3,5
pre-Richmond:30
pristinus, Corynoides curtus:69
protobifidus, Didymograptus: 7, 9, 16, 18, 19, 35,
40, 41, 42, 43, 63-64, 107, 110, 118, 120, 121,
122, 123, 127, 140






incertus: 22, 51,117,120,121, 129,148
Ptilograptidae: 49
Ptilograptus: 49
plumosus:16, 22, 49,106,121,127, 139
Ptychoglyptus:23
pulcherrimus, Retiograptus:29, 96, 114,115, 122,
123,124, 125, 128, 159
pumilus, Dicellograptus: 29,76, 128
pungens, Climacograptus:37
pusillus, Adelograptus: 16,46, 124
Bryograptus: 46
putillus, Climacograptus: 29, 81-82, 114,123, 129
pygidium, apatokephaloid:5
pygmaeus, Diplograptus (Glyptograptus) eugly-
phus: 88
Glyptograptus teretiusculus:25, 88, 113, 125,
126, 127
Tetragraptus: 16, 55,110, 118,121, 122,125
quadribrachiatus,Tetragraptus: 16, 22, 35, 37, 40,
53, 55, 106, 107, 109, 110, 117, 118, 120, 121,
122,123,124, 125,126,127,139
quadrimucronatus, Orthograptus:29, 30, 31, 38,
42, 44, 83, 91,114,115, 122,123,124,125,160




Quebec: 35, 38, 42, 47, 50, 51, 52, 53, 54, 55, 57,58, 59, 61, 62, 63, 65, 70, 79, 83, 87, 88, 91,
94, 97
correlation of zones: 36








reclinatus,Tetragraptus: 16, 56, 118, 121, 123





genitzianus: 25, 96, 114, 125, 127, 128,155
Retiograptus (continued)—
pulcherrimus: 29, 96, 114, 115, 122, 123, 124,
125, 128, 159
speciosus: 22, 96-97, 117, 120





Richmondfauna: 31— Femdale: 30
stage: 9,30, 31, 36, 39
riddellensis, Climacograptus: 23, 25, 41, 82, 113,
122, 127, 128, 152
Ridge Spring: 2, 26, 129
Right Hand Shut Up, Solitario: 23, 28, 125
rigidus, Clonograptus: 16, 35, 40, 46, 47, 48, 53,
105, 109, 110, 120, 124, 125, 135, 139
Roberts ranch: 8, 10, 20, 106, 107,109, 111, 112,
120.121, 123, 124,125,126,127member:4, 5
in measuredsections:106-119
Rock House Gap:27, 28, 29, 30, 114,124,127,129
Rocklandlimestone: 9
Rodriquez Tank: 20, 125




Ruedemann,Rudolf: 31, 38, 45
Rush, Richard: 2
saggiticaulis, Didymograptus:25, 26, 64, 125
salopiensis, Dicellograptus divaricatus: 25, 74,
127, 128,156





scalaris, Climacograptus miserabilis:29, 30, 82,
129
schaferi, Cryptograptus:22, 41, 50, 51, 60, 62, 69,
87, 95, 117,120,121,126,148
Schaghticoke shale: 35, 36
scharenbergi, Climacograptus: 29, 81, 82-83, 87,
114, 115, 124, 128
stenostoma: 25, 83,114, 127,129,155
Schenectady beds: 83
Schmidtella:25,26,128
Schuchert, Charles: 2, 30
Schizograpti:51
Scotland: 54, 58, 64,72, 73, 74, 75,76, 77, 79, 80,
83, 87, 88, 89, 90, 91, 96






serra, Tetragraptus:16, 22, 35, 53, 56, 66, 118,
121.122,123,136, 151serratulus, Didymograptus: 25, 26, 64-65, 113,
125, 126, 127
sextans, Dicellograptus: 25, 26, 76-77, 87, 89,
94, 96, 112, 113, 114, 122, 126, 127, 128, 129
exilis:25,77,126,128,155
Shell Research and DevelopmentCompany: 2
Shineton shales: 46, 48
Shropshire: 46, 63, 77, 81
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Shumardia:5
Shumardoceras:16, 17, 19, 105, 124










simplex, Adelograptus: 16, 40, 46, 47, 105, 110,
111, 121, 124
Simpson group:23, 26, 37, 38
Springs: 128
Mountain:13, 23, 24, 26, 128
Skiddaw slates: 48, 50, 51, 52, 53, 55, 56, 57, 58,
59, 61, 62, 64, 70,71, 94
Sky Brook, Shropshire: 81
Slaughter ranch:1,15, 126. See also Jonesranch.
Slemmestednear Oslo,Norway: 66smithi, Dicellograptus: 25, 77, 114, 127, 128, 155
Smithville, Arkansas: 64
limestone: 19, 37
Snake Hillshale: 38, 69, 70, 78, 83, 92, 93
socialis, Orthograptus truncatus:8, 29, 30, 92, 93,
114, 123
Solitario area: 1, 3, 5, 10, 15, 17, 20, 21, 23, 27,




speciosus,Retiograptus:22, 96-97, 117, 120
Spencer, Missouri: 84









Maysville: 9, 36, 39
Middle Ordovician: 23, 26
Whiterock: 19
Ordovician:36, 39
Porterfield:9, 23, 26, 27,36, 39
Richmond:9, 30, 31, 36, 39
Trenton: 9,31,36,38,39
Whiterock: 9, 19, 20, 23, 36, 39
Wilderness:9, 27, 31, 36, 39
standard Lower Ordoviciansection: 18, 19, 35,
37
StateHighway 51: 28, 121, 124, 125, 126
Staurograptus: 7, 35, 40
dichotomus apertus: 35
St. David's district,Wales: 63
stenostoma, Climacograptus scharenbergi:25, 83,
114, 127, 129, 155
Stichtoporellaexigua: 26
Stockport, New York: 75
Streptelasma: 28, 29, 114,129
Strigenalis: 105,122, 124,139
Stringtownshale: 64, 68,70, 73,74,76, 78,79, 80,
81, 88, 90, 96
Strophomena: 28
subradiata,Eurychilina: 25, 26, 128
subtenuis,Didymograptus: 25, 65, 128
Summit, Nevada:71
Sunshine Springs: 113, 127
thrust: 23
surcularis, Neraagraptusgracilus: 25, 73, 128
Swan Peak formation, Utah, zone M:19
Sweden: 46
Upper Cambrianof: 5




taraxacum, Tetragraptus: 16, 56, 107, 122, 123,
125, 127, 140
tenellus, Clonograptus: 16, 17, 48, 107, 111, 124,
127, 132
callavei:16,42,48,110,125
tentaculatus, Retiograptus: 22, 97, 126
Tennessee: 64, 65, 69, 73, 81, 90
teretiusculus, Glyptograptus:8, 9, 22, 23, 25, 26,
41, 43, 82, 87-88,113, 122,124, 125,126, 127,
128, 129, 152, 156
euglyphus: 25, 88, 112, 113, 125, 126, 127,129,
155
pygmaeus:25, 88,113,125, 126,127
siccatus: 25, 89, 128
Tetragrapti: 7, 18,22, 40, 52-68
tetragraptids: 8,22, 42, 43, 53, 55
Tetragraptus: 7, 17, 18, 52-56, 118,123, 125, 127
acclinans: 16, 52, 122,139
amii: 16, 20, 52, 56, 109,110,117, 118,121,122,
123, 124, 136, 139
approximatus:16, 17, 35, 40, 47, 48, 52-53, 55,
105,107, 109,111,124,127,136
zone:7,9, 16,17,19,35,40
bigsbyi: 16, 53-54, 107, 110,118, 121, 122,123,
124, 127, 139
decipiens: 16, 40, 46, 47, 54, 110,111, 124,125,
135
bipatens:16, 54,118, 121
fruticosus (three and/or four-branched forms):
16, 35, 40, 41, 49, 52, 54, 64, 106, 108, 109,
110, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127
zone:7, 9, 16, 17, 18, 19, 35, 40, 41, 45, 61
pendens:16,55, 124, 139
phyllograptoides, zoneof: 46
pygmaeus: 16, 55, 110, 118, 121, 122, 125
quadribrachiatus:16, 22, 35, 37, 40, 53, 55,106,
107, 109, 110, 117, 118, 120, 121, 122, 123,
124,125, 126,127, 139
reclinatus:16, 56,118, 121,123
serra: 16, 22, 35, 53, 56, 66, 118, 121, 122, 123,
136, 151
similis: 53
Sraxacum: 16, 56, 107, 122, 123, 125, 127, 140
zone: 46, 50, 51, 52, 53, 54, 55, 56, 57, 61, 62, 63
ofDeepkillshale: 46, 53, 54, 55, 61, 62, 63
Texas: 81
The University of Texas: 23
Thomas, D. E.: 38




thureaui, Goniograptus: 16, 49-50, 118, 121, 140
thrust fault,ThreemileHill:15, 28
Tostonia: 16, 17
Trail Creek, Blame County, Idaho: 74, 80
Treatiseon InvertebratePaleontology:45












stage: 9,31, 36,38, 39
Trenton Falls nearMiddleville,NewYork:38, 92
trentonensis, Leptograptus flaccidus: 25, 72, 122,
127,128, 155
Trichograptus: 51
immotus: 22, 51, 121,126
tricornis, Corynoides: 25, 69, 112, 126, 128





ensiformis: 22, 37, 41, 43, 50, 51, 59, 62, 65, 70,
87, 94, 95, 117, 120, 121, 123, 126, 148, 151
Trinucleus: 2
Triograptus:7, 17, 35, 48-49




truncatus, Orthograptus:29, 30, 42, 44, 83, 91-
-92, 93,115, 124,127,128
abbreviatus:29, 30. 44, 92, 129,164
intermedius: 8, 9, 29, 44, 91, 92, 114, 115, 124,
125, 128, 159
pertenuis:29,93, 128
recurrens: 29, 38, 93, 115, 122, 128, 160
socialis:8, 29, 30, 92, 93, 114,123, 164
tubulifems, Climacograptus: 8, 29, 30, 42, 114,
115,122,123,124,125,163
Tulip Creek formation: 36, 37
Turner No. 1Combs:4
typicalis, Climacograptus: 29, 31, 38, 83-84, 114,
115, 124, 128
crassimarginalis: 28, 29, 31, 84, 115, 126, 127,
128, 159
typus, Phyllograptus: 16, 20, 22, 58, 109, 117,
121, 122,123,124,128,144
Udden, J. A.: 1,2
Ulrich,E.0.:2,8, 11,30,38
ulrichi, Climacograptus: 29, 84,128, 129
University of Oklahoma:31, 79, 90
Upper Cambrian— Lower Ordovician beds: 3
of Sweden: 5
Upper Ordovician:70, 71, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 87, 88, 89, 90, 91, 92, 93, 96




U. S. National Museum: 23, 29, 30
U. S. Highway 90: 120, 121, 125, 126,128
Utah, Garden City limestone, zonesA andB:19
zone M of Swan Peak formation:19
Uticashale:36, 38,72, 78, 84
validus, Leptograptus incisus: 25, 26, 72, 125,
126, 128
v-deflexus, Didymograptus:22, 41, 65, 68, 128,
147
Victoria, Australia: 38, 40, 42, 43, 44, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 65, 66, 67, 68, 70, 71, 73, 74, 76, 77,
78, 79, 80, 81, 82, 83, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97
victoriae, Adelograptus: 16, 40, 46-47, 54, 105,
106,110,111,121,122,124, 125
Isograptus caduceus: 21, 22, 41, 67, 106, 120,
125, 126, 128,147
Victorian sequence and/or succession:39, 41, 43,
44, 47, 50, 54, 55, 56, 58, 59, 60, 64, 65, 71,
77,80, 82, 83, 95, 96
graptolite zones:39, 42
zonal schemes: 38
Viola limestone: 27, 30, 31, 36, 38, 69, 70, 71, 72,
75,78, 79, 83, 84, 92, 93
Virginia:64,73, 81,89,90
vulgatus, Orthograptus:30
calcaratus: 29, 42, 90, 91, 115, 122,128, 160
walcottorum,Isograptus: 67
Wales:58, 63,79, 80, 87, 89,%
Washington: 81
West Spring Creek limestone: 19, 36, 37, 56, 64
West Texas Geological Society: 3
Whetstone Gulf formation: 93




Wildernessstage:9, 27, 31, 36, 39
wilsoni, Climacograptus: 69, 70, 71, 75, 78, 79,
83, 87, 88, 90, 91, 93
Wilson, J.L.:2,3
Womble shale: 36, 37. 38, 64, 68, 70, 71, 74, 75,






shale: 1, 3. 6, 11, 13, 21, 23-27, 33, 36, 37, 38,
86, 96
in list of localities:122-129
in measuredsections: 112-119
zonal distributionof species in: 25
zones,No. 10: 82
No. 11:65, 68, 69,70,71, 72,73,74, 75,76,
77, 80, 81, 82, 83, 88, 89, 95
No. 12: 64, 68, 69, 70,71, 72,74,75, 76,77,
79, 80, 81, 82, 83, 85, 86, 88, 89, 94, 95,
96




Yapeen series: 41, 43, 55, 56, 65, 66, 68
zonal distributionof species—




zones (see also graptolite zones)—
Australian: 38
Bendigo series: 40, 41
British Isles: 38,39,41, 43
Cardiograptus:41
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zones (continued)
—
Castlemaine series, Isograptus caduceus var.
maxima: 50
Chewton series: 40, 41
Climacograptus peltifer:70,79, 87




Deepkillshale. See that entry.
Dicellograptusanceps: 74, 82,92
Dicranograptus clingani: 69,70, 75, 80, 83, 89,
90, 92, 93
Didymograptus bifidus: 7, 9, 49, 50, 51, 53, 54,
60, 65,70, 83, 86
extensus: 53, 64, 70
hirundo: 53
murchisoni: 70
Diplograptus decoratus: 50, 62, 65, 70, 86, 87
dentatus: 49. 50, 57, 60, 72, 94. 95. 97
fauna of: 131-165
faunal,Marathon:1
Fort Pena formation. See that entry.
Garden City limestone,Utah, zones A and B:
19
Glyptograptus austrodentatus:66
intersitus: 65, 70, 95
inlist of localities: 120-129
Lancefield series: 40
Levis shale. See that entry.
Marathonlimestone. See that entry.






Pleurograptuslinearis: 75, 80, 83, 90, 91
Swan Peak formation, Utah, zoneM: 19





Woods Hollow shale. See that entry.
Zygospira: 2, 29

